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PERSONAL  AND  EXPLANATORY. 


The  literature  of  smelting  lead,  gold,  and  silver 
ores  with  blast-furnaces  is  limited  in  volume.  It 
has  mainly  emanated  from  students  of  Chemistry 
and  Metallurgy  who  have  not  enjoyed  the  advan- 
tage of  personal  contact  with  the  practical  prob- 
lems confronting  the  lead-smelter.  I  recall  no 
publication  of  this  character  that  is  not  recognized 
as  a  distinct  aid  to  research  in  the  almost  boundless 
realm  of  the  twin  sciences.  But  their  dependable 
usefulness  is  limited  to  the  didactic.  The  chasm 
separating  theoretical  from  practical  results  is 
sufficiently  wide  and  deep  to  engulf  unmeasured 
capital  and  vaultless  ambition.  The  theory  of 
Smelting  is  a  prerequisite  to  successful  practice, 
but  its  mastery  does  not  complete  the  equipment. 
Experience  in  applying  the  principles  of  Chemistry 
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and  Metallurgy  to  the  hard  problems  of  Smelting 
activity,  under  widely  varying  conditions  and  en- 
vironment, is  a  no  less  important  factor  in  achieving 
financial  as  well  as  theoretical  triumphs  over  Na- 
ture. My  initial  endeavors  were  almost  coincident 
with  the  birth  of  the  industry  of  lead -smelting  in 
the  United  States.  Others  had  preceded  me  in 
the  direction  and  management  of  smelting  plants, 
but  their  contemporaneous  experiences  and  obser- 
vations were  to  me  a  sealed  book.  The  knowledge 
acquired  during  a  period  covering  two  decades  came 
through  direct  contact  with  the  sterner  realities  of 
smelting  life,  and  by  means  of  tests  and  experiments 
incident  to  the  handling  of  a  wide  range  of  mineral 
substances,  by  all  the  manifold  processes  and  de- 
vices discovered  from  time  to  time.  The  net  re- 
sults of  twenty  years'  operations  easily  might  have 
been  multiplied  had  the  unrecorded  experiences  of 
contemporaries  been  accessible  to  me.  To  the 
younger  men  of  the  period,  on  whose  shoulders  rest 
the  responsibility  for  maintaining  steady  progress 
in  the  science  of  Metallurgy,  I  cheerfully  dedicate 
this  volume,  in  the  confident  hope  that  it  may  be 
serviceable  in  the  solution  of  problems  along  the 
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broader  lines,  and.  useful  as  well  in  many  of  the  lesser 
details. 

Without  attempt  at  literary  embellishment,  and 
with  perhaps  censurable  disregard  for  niceties  of 
diction,  I  go  directly  to  the  pith  of  the  subject.  My 
endeavor  shall  be  to  give  novelty  to  that  which  was 
old,  condensation  -to  that  which  was  diffuse,  per- 
spicacity to  that  which  was  obscure,  and  accuracy 
to  that  which  was  recondite.  I  shall  attempt  truth- 
fully to  relate  what  has  been  and  is,  httmbly  asking 
the  considerate  reader 

"  Gently  to  hear,  kindly  to  judge." 

The  Author. 

International  Trust  Co., 
Denver,  Colo.,  U.  S.  A.,  J 
1902. 
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LEAD-SMELTING. 


BLAST-FURNACE. 

In  most  of  the  books  written  on  lead-smelting  con- 
siderable attention  has  been  given  to  the  subject  of 
smelting  lead  ores  in  reverberatory  furnaces.  Such 
practice  seems  to  be  better  adapted  to  foreign  coun- 
tries, where  conditions  obtain  that  are  not  to  be  en- 
countered in  the  United  States. 

The  amount  of  ore  treated  daily  in  a  reverberatory 
furnace  is  quite  small,  compared  with  the  tonnage 
of  the  larger  lead -smelters.  It  is  only  fair  to  say, 
however,  that  great  progress  has  been  made  in  in- 
creasing the  tonnage  in  reverberatory  furnaces  treat- 
ing copper  ores,  especially  noticeable  at  Butte  City, 
Anaconda,  and  Great  Falls,  Montana. 

A  hitherto  serious  objection  to  the  use  of  rever- 
beratory furnaces  was  the  great  metallurgical  losses 
of  lead,  gold,  and  silver  through  the  smoke.     It  has 
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been  demonstrated  that  the  bag- house  will  save  the 
values  contained  in  the  fume  produced  in  the  smelt- 
ing of  all  kinds  of  lead,  gold,  and  silver  ores  with 
blast-furnaces.  Relatively  it  would  be  an  easy 
matter  to  save  the  values  in  the  fume  from  all 
classes  of  reverberatory  furnaces  smelting  lead  ores. 
It  is  important  not  to  confound  reverberatory  roast- 
ing furnaces  with  reverberatory  fusing  furnaces,  for 
it  is  known,  from  experiments  coming  tinder  the 
author's  personal  supervision,  that  the  fume  from 
reverberatory  roasting  furnaces  cannot  be  saved  by 
the  bag-house. 

It  was  accidentally  discovered,  however,  that  the 
fume  arising  in  the  roasting  of  ores,  at  a  point  1 2  feet 
from  the  bridge-wall,  could  be  saved  by  cloth  filtra- 
tion; back  of  this  distance  it  quickly  destroyed  the 
cloth,  owing  to  the  presence  of  sulphuric  acid.  The 
chief  reason  why  the  reverberatory  cannot  compete 
with  blast  furnaces  lies  in  the  fact  that  it  is  nearly 
impossible  to  produce  a  clean  slag,  that  is  to  say. 
a  slag  that  does  not  run  high  in  lead;  and  hitherto 
difficulty  has  been  experienced  in  the  production  of 
a  uniform  slag,  possessing  sufficient  liquidity  to  en- 
able the  matte  globules  to  completely  settle  to  the 
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bottom.  The  reverberatory  fusing  furnace  may  be 
used  in  the  future  for  lead- smelting,  particularly 
when  the  rapidly  increasing  size,  the  use  of  gaseous 
fuel,  magnesite  brick,  and  other  material  known 
to  withstand  the  corrosive  action  of  oxide  of  lead 
are  taken  into  consideration.  A  large  reverbera- 
tory furnace  may  become  practicable,  by  following 
the  lines  of  large  tilting  furnaces,  and  using  gaseous 
fuel  for  roasting,  fusing,  and  final  reducing  action 
(decomposing  silicate  of  lead) ,  and  adding  the  proper 
fluxes  to  obtain  a  fluid  slag  that  will  not  hold  matte 
globules  in  suspension.  The  slag  so  formed  to 
remain  quiescent  for  a  period  sufficiently  long  to 
dispense  with  all  kinds  of  forehearths  or  other  sep- 
arately removed  slag-settlmg  pots,  basins,  recep- 
tacles, or  furnaces. 

It  is  believed  that  metallurgists  educated  in  Ger- 
many first  introduced,  and  successfully  operated, 
the  blast-furnace  for  smelting  ores  in  use  in  the  west- 
em  portion  of  the  United  States.  These  furnaces 
were  small,  and  some  of  the  practices  would  now  be 
considered  rude  and  wasteful ;  still  the  right  kind  of 
furnace  was  indicated,  and  it  was  only  a  matter  of 
time  until  marked  improvements  should  take  place, 
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both  in  the  style  of  construction  and  the  method  of 
operating. 

Before  the  pubHcation  of  Dr.  Hofman's  book 
on  lead- smelting  the  literature  on  this  subject 
was  widely  scattered,  and  generally  was  of  a  frag- 
mentary character.  The  aim  here  is  to  give  the 
personal  experience  of  the  writer  in  operating  lead 
blast-furnaces.  Reference  will  be  had  chiefly  to 
the  period  from  1880  to  1900,  devoting  major  atten- 
tion to  the  methods  and  practices  in  vogue  at  the 
close  of  the  year  last  named. 

By  inspecting  the  drawings  in  Prof.  Emmon's 
bookon"  The  Geology  of  Leadville,"  it  will  be  noticed 
that  the  furnaces  were  small  and  inexpensive ;  they 
indeed  were  primitive  affairs  when  compared  with 
the  furnaces  in  use  in  the  beginning  of  1900. 

Assimiing  the  furnace  has  been  charged  and 
started,  the  first  thing  to  do  will  be  to  recalculate 
the  charge,  by  checking  the  figures,  to  see  that  no 
mistake  has  been  made.  At  first  a  rather  pure  slag 
should  be  made,  that  is  to  say,  one  where  the  total 
percentage  of  silica,  iron,  manganese,  and  lime  are 
high,  aiming  to  prevent  too  much  zinc,  alumina,  and 
baryta  from  entering  the  slag,  which  should  have 
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about  this  composition:  silica,  32  per  cent. ;  iron  and 
manganese,  26  per  cent. ;  alkaline  earths,  20  per  cent. 
Be  very  careful  at  first  to  keep  the  percentage  of  iron 
plus  manganese  near  the  figures  25  to  27  percent.; 
make  a  rather  basic  and  fluid  slag  for  a  few  shifts, 
even  if  it  be  the  practice  to  form  a  high  silicious  slag. 
It  should  not  only  be  thin,  but  very  hot.  Do  not  try 
to  be  too  economical  in  fuel  at  first ;  let  the  minimum 
quantity  of  fuel  be  15  to  17  per  cent.  That  there 
may  be  no  mistake  on  this  necessary  point,  a  typical 
charge  is  here  given:  1000  pounds  ore  mixture  (in- 
cluding iron  fluxes) ;  70  pounds  limestone ;  330  pounds 
slag.  For  this  use  for  the  first  shift,  at  least  240 
pounds,  or  17.14  per  cent,  of  coke.  When  the  slag 
continues  to  run  hot  and  thin,  then  only  should  the 
percentage  of  fuel  be  reduced.  Use  230  pounds  the 
second  day,  220  pounds  the  third,  and  then  cau- 
tiously reduce  the  fuel  to  200  pounds.  This  should 
be  sufficient  for  smelting  a  mixed  charge  of  1400 
pounds.  Keep  the  pounds  of  coke  as  nearly  a  fixed 
quantity  as  possible,  and  gradually  use  ore  fluctuat- 
ing to  1200  pounds,  but,  generally  speaking,  iioo 
pounds  of  ore  mixture,  including  the  iron  fliix,  is 
preferable.     At  first  do  not  use  too  much  lime,  since 
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excess  will  produce  a  somewhat  curdy  and  brittle 
slag;  it  will  not  show  a  long  fine  thread  when  a  bar 
is  dipped  into  the  fluid,  and  is  more  likely  to  cool 
quickly,  producing  a  heavy  thick  shell. 

The  first  slag  produced  should  contain  from  31  to 
32  per  cent,  sihca.  After  running  the  furnace  two 
or  three  days,  the  silica  may  be  increased  above  32 
per  cent.,  gradually  lessening  the  combined  percent- 
ages of  iron  and  manganese  below  27  and  even  to 
23  per  cent. ;  but  rarely  is  it  best  to  use  less  than  24 
per  cent.,  and  the  alkaline  earths  will  be  increased 
from  18  to  24  per  cent.  Cut  the  iron  as  the  lime  is 
increased,  and  usually  raise  the  silica. 

Blow  in  the  furnace  at  8.00  a.m.  After  it  has  been 
producing  slag  one  hour,  take  an  assay  and  a  labo- 
ratory sample.  Immerse  the  cold  end  of  a  bar  four 
inches  into  the  slag;  in  half  a  minute  remove  and 
plunge  it,  with  adhering  slag,  into  a  bucket  of  water ; 
the  shell  will  soon  cool,  and  can  easily  be  dislodged 
by  gently  tapping  the  bar.  Take  the  assay  and  labo- 
ratory sample  in  the  same  manner.  This  slag  is  solu- 
ble in  mineral  acids.  Drain  the  slag  samples  closely, 
and  transfer  them  to  granite-lined  cups;  dry  the 
samples  in  these  cups  over  the  hot  slag,  and  take 
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them  to  the  assay  office,  where  they  should  be  pow- 
dered and  passed  through  a  loo-mesh  sieve.  After  a 
thorough  mixing,  give  them  to  the  assayer  and  the 
chemist.  Use  a  special  bucking-board  and  muUer, 
and  never  allow  any  ore  or  furnace  products  to  be 
used  on  the  grinding-plates.  The  slags  should  be 
assayed  for  silver  and  lead.  The  first  trial  slag  that 
comes  to  the  laboratory  has  the  following  determi- 
nations made:  silica,  iron,  manganese,  and  lime. 
These  should  be  completed  in  one  hour  from  the  time 
the  sample  reaches  the  chemist. 

The  first  trial  assay  and  preliminary  analysis  will 
enable  the  metallurgist  with  confidence  to  proceed 
with  the  smelting.  They  will  indicate  if  the  main 
slag  constituents  are  properly  porportioned  and  sug- 
gest changes  to  produce  a  different  result.  If  the 
lime  be  too  high  or  too  low,  he  will  make  the  changes 
quickly,  since,  if  the  lime  be  too  low,  the  slags  are 
almost  certain  to  run  high  in  lead.  Sometimes  in 
starting  a  furnace  the  lead  in  the  slag  will  be  high 
because  cold;  this  may  happen  from  running  the 
water-jackets  too  cold,  or  from  insufficiency  of  fuel. 

As  soon  as  the  charge  has  settled  it  is  important 
to   take   other   slag   samples,   testing   it   for   silver 
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and  lead  by  fire  methods.  The  wet  method  is  used 
rapidly  to  ascertain  the  percentages:  silica,  iron, 
manganese,  lime,  baryta,  magnesia,  zinc,  and  alu- 
mina. Usually  the  magnesia  is  the  last  determina- 
tion, but  the  percentage  can  readily  be  approxi- 
mated. Occasionally  it  is  advisable  to  determine 
the  percentages  of  other  components  of  the  slag,  as 
copper,  sulphur,  lead,  phosphorus,  potash,  soda,  and 
gold.  It  is  best  to  keep  a  sharp  watch  on  the  copper 
entering  the  slag,  and  so  likewise  is  it  an  excellent 
practice  to  save  the  buttons  from  the  lead  assays, 
and  every  week  or  month  cupel  them,  to  ascertain 
the  gold  losses. 

Keep  ample  water  on  the  jackets,  in  blowing  in 
the  furnace.  See  that  the  crucible  is  quite  hot.  Do 
not  rod  the  furnace  until  it  makes  hot,  thin  slag. 

It  requires  some  time  to  thoroughly  heat  the  fur- 
nace walls.  When  the  slag  runs  high  in  lead,  it  is 
often  caused  by  insufficiency  of  fuel  at  the  start,  fre- 
quently by  using  too  little  lime;  therefore  keep  the 
fuel  well  advanced  until  the  lead  losses  are  tinder 
control. 

There  are  only  a  few  things  that  stop  blast-fur- 
naces smelting  on  lead  ores,   and  these  stoppages 
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usually  are  termed  ' '  freezing  up  a  furnace  ' ;  as  a  mat- 
ter of  fact,  the  stoppages  are  not  often  due  to  short- 
age of  fuel.  Freezing  up  a  furnace  generally  is  trace- 
able to  the  use  either  of  too  much  alkaline  earths  or 
zinc.  Cold  silicious  slags  run  slowly  and  show  black 
streaked  lines.  They  flow  sluggishly  through  the 
slag-spout,  and  begin  to  run  slow  on  tapping,  but 
run  fairly  well  after  being  well  started ;  particularly 
is  this  true  when  much  matte  is  present.  These  slags 
never  freeze  up  a  furnace,  and  a  little  more  fuel,  a  trifle 
more  iron  or  lime  will  generally  correct  the  error 
quickly.  It  is  the  slags  that  tap  badly — the  breast 
being  hard  and  thick  and  requiring  the  use  of  a  small 
rod  to  start  it — that  is  dangerous.  They  often  pile 
in  the  spout,  filling  the  slag- trough  quickly.  They  are 
extremely  brittle,  the  slag  adheres  to  the  rod  and  soon 
becomes  thick  both  on  the  tapping-bars  and  the  coke- 
rods.  The  shells  on  such  slags  are  thick  and  brittle. 
This  kind  of  slag  shows,  when  liquid,  a  wrinkly, 
fish-scale  appearance.  It  is  a  slag  that  freezes  up 
a  furnace,  and  gives  rise  to  the  chief  trouble  in  lead- 
smelting. 

The  way  to  correct  it,  as  if  by  magic,  is  to  sharply 
lessen  the  lime,     Sometimes,  if  heavy  zmc  ore  is  re- 
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placed  in  part  by  a  pure  silicious  ore,  in  addition  to 
the  sharp  reduction  of  Hme,  it  will  be  advantageous. 
In  an  emergency  add  extra  fuel  and  slag.  The  use 
of  the  so-called  "  half- charges  "  is  productive  of  good 
results,  but  they  are  subject  to  much  abuse.  The 
half -charges  follow :  one  half  the  ore  mixtures,  in- 
cluding iron  flux ;  one  half  the  limestone ;  but  use  the 
full  quantity  of  slag  and  fuel  called  for  by  the  regu- 
lar charge.  It  is  important  frequently  to  note  every 
little  phenomenon  about  the  slag ;  its  physical  prop- 
erties should  be  studied  at  the  instant  of  tapping. 
If,  for  example,  it  starts  lazily  and  in  a  large,  oily 
stream,  there  is  denoted  a  safe  silicious  slag. 

There  is  one  kind  of  silicious  slag  that  must  be 
specially  watched;  it  is  the  slag  hitherto  described 
as  "silicious  limy  slag."  This  runs  high  in  silica, 
low  in  iron,  and  high  in  lime  or  alkaline  bases;  and 
only  when  there  is  much  zinc  present  does  it  give 
much  trouble.  This  slag  fuses  at  a  much  higher 
temperature,  hence  the  fuel  must  at  once  be  in- 
creased when  such  slag  is  observed. 

It  is  not  practicable  to  wait  for  the  analysis  of  this 
slag;  when  the  tuyeres  begin  to  clog  up,  the  breast 
of  the  furnace  gets  eo  hard  it  is  difficult  to  start  the 
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slag.  It  is  also  brittle,  but  it  does  not  clog  the  spout. 
It  soon  causes  the  jackets  to  cool  by  the  formation 
of  a  heavy  crust;  the  tuyeres  darken  quickly.  It 
is  severe  on  the  matte-boxes,  causing  them  frequently 
to  be  sent  out  on  the  slag-dump.  The  silicious  limy 
slag  can  be  run  a  short  time  when  absolutely  neces- 
sary, but  the  "low  silica  high-lime  slag"  is  always 
more  dangerous,  and  the  instant  it  becomes  curdy 
the  furnace  is  in  imminent  danger  of  freezing  up. 

It  is  of  the  utmost  importance  to  learn  to  distin- 
guish at  a  glance  between  various  kinds  of  slags. 
When  the  lime  is  largely  replaced  by  baryta  and 
magnesia  the  task  is  not  simple.  When  the  silica 
is  low  and  much  magnesia  and  zinc  are  present  the 
slag  becomes  curdy  and  chills  with  alarming  rapid- 
ity. The  fluid  slag  in  the  pot  becomes  dark-colored 
and  stony,  the  shell  splits  on  cooling,  and  a  light  fire- 
line  is  seen.  With  slag  of  this  character,  cut  the 
lime  quickly  and  sharply,  and  in  emergency  cases 
do  not  be  afraid  of  taking  off  too  much.  A  drop  of 
50  to  TOO  pounds  frequently  is  made,  and  in  times 
of  great  danger  drop  the  furnace  down,  and  give 
one  or  two  charges  of  coke  extra ;  then  give  one  slag 
charge,  with  the  usual  coke  allowance,  thus:   1200 
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pounds  slag,  200  pounds  coke.  Continue  with  the 
regular  charge,  with  nearly  all  the  lime  left  off,  until 
the  furnace  indicates  decided  improvement.  By 
bold  and  quick  action  the  furnace  readily  responds 
to  treatment. 

The  furnace  again  running  smoothly,  the  slag,  al- 
though apparently  good,  begins  to  increase  in  lead; 
the  remedy  is  in  the  addition  of  more'  lime  cau- 
tiously applied.  The  chief  difficulties  in  smelting 
are  too  much  lime  and  zinc  and  too  little  silica. 
None  of  the  following  substances  are  likely  to  give 
more  than  temporary  embarrassments  when  smelt- 
ing large  quantities :  silica,  iron,  manganese,  baryta, 
lime,  magnesia,  alumina,  potash,  or  soda. 

Blast  furnaces  smelting  identically  the  same  ore 
mixture — the  same  size  furnace,  same  blast,  same 
fuel,  and  the  same  charge  in  every  respect — often 
act  very  different.  At  one  time,  in  running  eleven 
blast-furnaces,  all  virtually  the  same  size  and  on 
the  same  charge,  the  blast  and  all  other  conditions 
being  as  nearly  alike  as  possible,  the  composition  of 
the  slag  produced  by  each  furnace  was  different. 
It  is  not  uncommon  for  one  or  two  furnaces  out  of  a 
dozen   in  operation   under  precisely  similar  condi- 
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tions  to  yield    a   bad  product.     A  remedy  for   the 
evil  is  not  difficult  to  find. 

Take  a  general  laboratory  sample  on  the  furnaces 
working  well,  and  a  sample  on  the  badly  working 
furnace,  and  have  these  two  samples  analyzed  for 
silica,  iron,  manganese,  lime,  baryta,  and  zinc.  The 
difference  in  analysis  will  be  apparent.  Make  a 
special  charge  for  the  abnormally  working  furnace, 
so  the  slag  from  it  will  correspond  with  that  of  the 
others.  Figures  may  not  be  wholly  relied  on. 
Sometimes  a  whole  line  of  furnaces  will  run  uni- 
formly and  satisfactorily  on  a  given  charge  for  two 
or  three  days;  the  tonnage  will  be  good;  the  slag 
will  run  low  in  both  lead  and  silver,  but  suddenly 
one  or  more  of  the  furnaces  will  begin  to  make  a  bad 
record.  In  such  a  contingency  take  a  bar  and 
break  the  crust  on  a  pot  of  slag ;  see  if  it  breaks  short 
or  with  a  string;  note  the  surface  of  the  cooled  slag, 
whether  smooth  or  rough ;  if  warty,  note  if  there  be 
a  tendency  to  form  little  volcanoes;  turn  the  shell 
over,  arid  if  it  be  rough  and  shows  unfused  particles 
of  ore,  it  denotes  that  fine  ore  is  sifting  down ;  if  the 
slag  is  curdy,  short,  brittle,  cools  easily,  and  does 
not  show  a  string  on  the  bar,   then  cut  the  lime 
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quickly — 30  to  100  pounds  on  dangerous  occasions. 
Generally  a  cut  of  30  to  40  pounds,  with  an  addition 
of  50  pounds  of  pure  silicious  ore,  will  constitute  a 
judicious  change.  If  the  slag  taps  hard,  shows  a 
decided  string  on  the  bar,  then  increase  the  fuel, 
cut  the  lime  heavily,  and  raise  the  iron. 

Baryta  makes  itself  manifest  by  the  deep  green 
flame  observed  when  the  slag  and  matte  are  flowing, 
by  the  stony  appearance  of  the  slag,  the  large  amount 
of  matte,  and  in  other  ways. 

Magnesia  present  in  large  quantities  calls  for  a 
sharp  increase  in  the  silica;  this  base  is  1.4  times 
stronger  than  lime ;  this  slag  is  also  apt  to  be  stony 
in  appearance ;  it  fuses  hard,  and  more  fuel  is  re- 
quired. Cut  lime  and  alkaline  earths  when  greatly 
troubled  by  magnesia,  and  increase  the  silica. 

Alumina  in  excess  acts  singularly;  it  makes  the 
slag  stringy,  wavy,  decidedly  viscous.  It  slows 
down  a  furnace  a  great  deal  when  much  is  present; 
it  is  quite  accommodating,  acting  sometimes  like  a 
base,  but  generally  as  an  acid.  With  the  high  fur- 
naces of  the  iron-smelters,  the  temperatures  there 
obtainable,  and  the  high  percentages  of  silica,  it  is 
quite  certain  that  alumina  plays  the  role  of  a  base; 
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but  with  the  lower  temperature  of  lead  and  copper 
smelters,  and  the  basic  character  of  the  slag,  alumina 
most  generally  acts  as  an  acid. 

The  eye  can  be  trained  to  indicate  with  almost 
mathematical  accuracy  whether  a  certain  slag  is 
good  for  the  water-jackets  or  the  tuyeres,  whether 
it  will  be  likely  to  chill  the  rriatte-boxes  quickly  and 
necessitate  their  removal. 

A  careful  calculation  of  the  charges,  and  two  com- 
plete analyses  of  the  ore-beds,  is  advised.  Where  they 
are  high  and  unevenly  prepared,  three  analyses 
should  be  made.  Analyze  also  all  the  side  ores  as 
well  as  the  iron  flux.  Take  from  the  limestone  and 
coke  cars  small  samples,  in  order  to  accumulate 
samples  each  w^eek.  The  roasted  ore  should  be 
analyzed  for  silica,  iron,  sulphur,  and  zinc  at  least 
twice  a  week,  or  oftener  when  the  roasting-fumace 
charge  is  changed.  In  short,  the  metallurgist  should 
be  furnished  with  complete  chemical  information 
at  all  times.  Every  material  that  goes  to  make  up 
the  charge — the  lime,  coke,  side  ores,  iron  flux — 
should  be  carefully  scrutinized.  The  smaller  the 
furnace  the  greater  will  these  troubles  be.  It  is 
easier  to  run  a  large  than  a  small  furnace.     The 
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mechanical  condition  of  the  interior  of  the  furnace, 
and  the  danger  from  an  improper  slag,  are  to  be 
considered.  Past  studies  on  and  experiences  with 
the  physical  properties  of  slag  must  guide,  since  a 
solitary  crystal  may  indicate  the  remedy.  In  mak- 
ing emergency  changes  on  blast-furnaces  there 
usually  is  an  accumulation  of  certain  substances 
that  may  produce  disturbance.  In  such  cases  an 
aperient  charge,  such  as  a  physician  would  give  a 
patient,  is  the  remedy.  The  best  charges  are  those 
low  in  lime,  zinc,  and  alumina,  but  with  the  silica 
and  iron  sharply  advanced.  Be  careful  not  to  have 
so  much  silica  as  to  produce  a  slow-running  slag — 
30  to  33  per  cent,  is  about  the  right  point;  use  from 
26  to  28  per  cent.  iron.  When  the  desired  result 
has  been  produced,  gradually  lessen  the  percentage 
of  iron. 

Ordinarily  it  is  best  not  to  allow  the  silica  to  drop 
below  30  per  cent.,  and  rarely  should  it  exceed  35 
per  cent.  There  are,  however,  exceptions  to  this. 
For  example,  28  per  cent,  silica  was  quite  ample 
when  smelting  much  aluminous  ores,  and  had  all 
the  properties  and  appearance  of  a  high  silicious 
slag.     Successful  runs  have  also  been  made  on  a 
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slag  containing  43  per  cent,  silica,  but  this  may  be 
regarded  as  exceptional.  The  range  of  alkaline 
earths  in  slag  is  very  wide  and  many  things  occasion 
it.  With  high  silica  use  high  lime.  With  high  iron 
or  zinc  lessen  the  lime.  There  is  not  a  more  difficult 
problem  in  lead-smelting  than  the  judicious  hand- 
ling of  lime  in  the  presence  of  much  zinc.  The  lime 
is  sometimes  cut  too  sharply,  causing  the  lead  tem- 
porarily to  increase  in  the  slag.  There  is  a  constant 
conflict  between  the  proper  running  of  the  furnace 
and  high  lead  in  the  slag.  High  lime  makes  the 
slag  low  in  lead.  As  the  lead  gradually  increases 
it  must  be  fought  persistently  with  lime.  The 
judicious  handling  of  zinc  ores  on  blast-furnaces  is 
of  major  importance.  For  ordinary  smelting  the 
amount  of  zinc  will  vary  in  the  slag  from  4  to  6  per 
cmt. 

The  presence  of  zinc  is  denoted  by  the  flame,  the 
dense  white  smoke,  the  volcanic  explosions  on  a 
cooling  pot  of  slag,  and  also  by  the  deep  yellow  coat 
(yellow  while  hot,  and  white  on  cooling),  having 
the  appearance  of  sulphur. 

In  smelting  much  zinc  ores  the  type  slag — 30 
per  cent,  silica,  40  per  cent.  (FeO-fMnO)  and  20  per 
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cent.  (CaO  +  BaO  +  MgO) — has  been  shown  to  be 
valuable. 

It  is  a  matter  of  the  greatest  importance  to  con- 
stantly observe  the  slag,  to  see  that  the  lime  is  not 
too  high,  when  smelting  ores  containing  much  zinc. 
There  is  a  constant  struggle  to  keep  the  furnace  in 
good  order,  to  produce  a  slag  that  can  easily  be 
handled,  and  at  the  same  time  keep  the  lead  out  of 
the  slag.  It  is  necessary  constantly  to  approach 
the  "danger  line."  A  slag  that  is  good  for  the  fur- 
naces is  not  necessarily  a  desirable  slag  so  far  as  sil- 
ver and  lead  losses  are  concerned.  It  requires  more 
fuel  to  handle  a  slag  with  a  high  percentage  of  zinc 
oxide. 

Some  metallurgists  have  observed  that  there  is  a 
tendency  for  slag  to  contain  from  2  to  3  per  cent, 
lead  when  the  zinc  is  unusually  high.  Under  such  cir- 
cumstances the  fuel  and  lime  should  be  appreciably 
increased.  While  13  to  14  per  cent,  fuel  usually  is 
quite  sufficient  for  lead  smelting,  yet  when  the  slag 
contains  much  more  than  6  per  cent,  zinc  a  higher 
temperature  is  advised,  and  this  should  be  gradu- 
ally increased  as  the  zinc  increases.  When  the  con- 
ditions are  such  as  to  compel  the  production  of  a  high 
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silica  and  zinc  slag,  the  utmost  attention  should  be 
given  to  the  fuel  subject.  Iron  lessens  the  fusing- 
point  of  slags,  and  for  this  reason  high  zinc  slags 
vary  widely  as  to  fusing- point.  Where  slags  run 
high  in  zinc  and  are  basic  from  iron,  it  is  far  more 
fusible  than  when  basic  from  lime. 

The  reducing  power  of  lead-furnaces  varies  widely, 
.  and  it  is  best  not  to  have  the  water-jackets  wholly 
perpendicular.  The  walls  should  slope  outwardly, 
from  all  sides  above  the  jackets,  to  the  feeding-doors. 
The  reduction  of  these  furnaces  is  dependent  to  a 
considerable  extent  not  only  on  this  flare,  but  also 
on  the  widening  of  the  furnace  -toward  the  top ;  with 
zinc  ores  these  lines  are  often  quickly  distorted. 

Wall  accretions  and  rapid  driving  are  conducive 
to  the  entrance  of  lead  in  the  slag.  A  sudden  chill- 
ing of  the  furnace,  due  to  insufficient  fuel,  to  the 
use  of  too  much  lime,  or  coating  the  ore  or  fuel  with 
zinc  oxide,  will  produce  sudden  abnormal  changes: 
the  jackets  will  nearly  cease  to  take  water;  they 
become  quite  cold;  the  tuyeres  darken,  and  a  solid 
mass  will  form  in  front,  which  is  with  difficulty 
penetrated  by  a  bar,  and  entirely  obstructs  the 
passage   of  air  into   the   furnace.     The   remedy  is 
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more  fuel  and  iron  and  less  lime.  When  possible  re- 
duce the  percentage  of  zinc,  using  some  coarse, 
clean,  silicious  ore. 

There  are  many  times  when  scrap-iron  has  a 
marked  effect  in  lessening  the  amount  of  lead  in  the 
slag  and  matte ;  but  experience  has  shown  that  it  is 
not  well  to  use  scrap-iron  when  the  percentage  of  zinc 
is  high  in  the  slag.  The  decomposition  of  sulphide 
of  zinc  by  iron  produces  metallic  zinc,  which  burns 
with  a  blue-white  flame  in  the  upper  part  of  the  fur- 
nace to  an  oxide,  and  coats  the  furnace  walls,  as 
well  as  the  ore  and  a  part  of  the  fuel,  causing  it  to 
burn  irregularly,  if  at  all.  Coke,  covered  with  zinc 
oxide,  causes  the  furnace  to  hang  and  work  irregu- 
larly in  the  jackets.  Under  such  conditions  use  a 
hot  silicious  slag. 

During  all  the  conceivable  irregularities  and  ab- 
normal workings  of  blast-furnaces,  the  lies  Slag- 
settler  will  be  a  most  valuable  adjunct,  preventing 
heavy  losses  of  matte. 

The  metallurgist  should  have  printed  sheets  on 
which  he  can  quickly  figure  a  blast-furnace  charge. 

A  table  of  the  atomic  weights  of  metals  should 
be  convenient. 


BLAST-FURNACE.  21 

In  the  analysis  of  slags  rapid  methods  represent 
great  savings.  Accuracy  is  not  necessarily  sacri- 
ficed by  haste. 

The  following  conversion  table  will  be  found  a 
labor-saver:  FeXi.29  =  FeO;  FeX  1.43  =Fe203; 
MnXi.29=MnO;  ZnXi.25  =ZnO;  CuXi.25  =CuO; 
PbXi.o8  =  PbO;  8X2.50  =  803;  AsX  1.32  =As203; 
Sbx  1.27  =8^0,;  8x7.47  =PbS. 

Potash  and  soda  cause  the  slag  to  run  high  in  lead. 
With  these  alkalies  good  results  may  be  obtained 
by  using  17  to  22  per  cent,  alkaline  earths,  pro- 
ducing a  very  hot  slag.  With  the  oxide  and  sulphide 
of  lead,  they  form  several  definite  chemical  salts, 
which  doubtless  facilitate  the  passage  of  lead  into 
the  slag.  81ag  containing  considerable  potash  and 
soda  is  extremely  tough,  and  large  flat  sheets  can 
be  raised  with  a  bar  when  the  slag  is  melted. 

It  sometimes  happens  that  the  matte  formed  by 
the  same  metallurgist  at  one  place  is  low  in  lead  and 
at  another  high  in  lead.  It  is  not  easy  to  explain 
such  phenomena. 

81ag  of  insufficient  temperature  containing  much 
over  T)T^  per  cent,  silica  is  quite  apt  to  produce  matte 
high  in  lead.     A  sharp  increase  of  iron,  lime,  or  fuel 
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often  will  materially  decrease  the  lead.  Where  the 
matte  continues  high  in  lead  an  immediate  lowering 
may  be  effected  by  the  use  of  considerable  scrap- 
iron.  The  general  statement  may  be  made  that 
slag  running  25  to  28  per  cent,  metallic  iron  is  best 
suited  for  the  formation  of  matte  low  in  lead;  also 
that  a  cold  slag  usually  accompanies  matte  high  in 
lead.  Copper  has  a  marked  influence  on  the  lead 
that  enters  mattes.  Up  to  50  per  cent,  copper  the 
lead  generally  increases  with  the  increase  of  copper, 
and  when  the  matte  runs  40  per  cent,  the  lead  is 
apt  to  be  20  per  cent.  Often  the  lead  in  the  matte 
will  run  low  for  a  long  period — say  five  months — - 
and  then  rapidly  increase  without  apparent  cause. 
At  such  times  it  is  best  to  make  frequent  copper 
concentrations,  sell  the  copper  matte,  or  Bes- 
semerize  it,  saving  the  fume  in  a  bag-house. 

The  usual  blast-furnace  method  for  concentrating 
the  matte  would  be  to  proceed  thus:  When  they 
contain  15  per  cent,  copper,  roast  them  alone  and 
slightly  cinter;  draw  the  product  out  of  the  furnace 
into  pots;  hammer  the  surface  hard  with  a  heavy 
disc ;  make  three  holes  through  the  centre  of  the 
matte;  break  the  cooled  product  into  large  pieces 
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and  smelt  it  with  pure  silicious  ore,  as  free  from  sul- 
phur, silver,  lead,  and  gold  as  possible;  the  higher 
the  silica  percentage  in  the  ore  the  better.  For 
this  concentration  run  the  silica  35  to  42  per  cent. 
Generally  it  is  difficult  during  the  concentration  to 
make  a  slag  that  will  run  less  than  i  to  2  per  cent, 
lead.  Constantly  increase  the  lime  on  the  charge 
until  the  lead  in  the  slag  is  under  control.  Instead 
of  using  all  limestone  substitute  on  the  charge  100 
to  150  pounds  alkaline  earth  ore.  This  will  have  a 
marked  tendency  to  keep  the  lead  out  of  the  slag. 
The  matte  should  be  roasted  to  4  per  cent,  sulphur. 
All  forms  of  sulphur  should  be  kept  from  the  charge, 
even  exercising  care  to  use  slag  as  free  from  it  as  pos- 
sible. The  charge  should  be  made  only  of  roasted 
matte,  silicious  ore,  alkaline  earth  ore,  limestone, 
and  a  small  quantity  of  slag  and  coke.  The  charge 
is  wholly  dependent  on  the  analysis  of  the  various 
constituents,  yet  it  may  be  indicated  thus:  600 
pounds  roasted  matte;  400  pounds  high  silicious 
ore;  100  pounds  alkaline  earth  ore;  200  pounds  lime- 
stone; 170  pounds  slag;  200  pounds  coke.  The  fuel 
percentage  is  13.33,  based  on  the  ores  and  fluxes. 
Use  a  furnace  with  no  wall  accretions,  and  blow  it  in 


2  4  LEAD-SMELTING. 

according  to  the  usual  manner;  run  it  on  a  rather 
high  lead  charge  for  a  few  shifts,  and  then  put  it  on 
a  slag  charge,  until  all  the  ore  is  washed  out.     The 
start  is  made  with  a  clean  lead  well ;  a  clean  crucible, 
no  crucible  crust,  and  the  side  walls  practically  free 
from  sulphur.     The  blast  does  not  have  to  be  high, 
because  the  roasted  matte,  silicious  ore,  limestone, 
and  slag  are  coarse,  and  generally  nothing  but  the 
alkaline  ores  are  fine.     For  this  concentration  25  to 
30  ounces  blast  will  suffice.     If  much  over  40  per 
cent,  silica  is  found  in  the  slag,  there  is  generally 
some  difficulty  with  the  tuyeres;  but  this  trouble 
is  quickly  overcome  by  running  a  35  per  cent,  silica 
slag   for  a   few  shifts.     The   slag  may   contain   as 
high  as   45    per  cent,    silica.     For    steady  work   a 
range  of    35   to  37  per   cent,  is   better.     The  heat 
from  this  slag  and  matte  is  very  great,  and  diffi- 
culty   is    experienced    in   keeping   the    matte-box 
from    burning.      Line    it   with    silicious    fire-brick; 
rowlock  the  bottom ;  have  a  ^h,-\nch.  fire-brick  lining 
on  the  sides,  and  completely  arch  the  top  with  fire- 
brick.    As  a  precautionary  measure,  pass  this  slag 
through  the  slag-settlers.    The  matte  is  too  valuable 
to  lose  even  a  fraction  of  it.     The  slag,  owing  to  its 
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purity,  quickly  heats  up  the  settlers,  and  cuts  out 
the  crust.  The  tap-holes  of  the  settlers  are  opened 
easily.  The  production  of  any  grade  of  matte  de- 
sired is  possible  by  regulating  the  sulphur.  When 
it  is  run  to  50  per  cent,  copper,  "bottoms"  are 
formed.  These  are  returned  to  the  blast-furnaces, 
causing  a  certain  amount  of  copper  to  be  reworked. 
The  lead  from  the  ores  will  extract  much  of  the  gold 
and  silver  from  the  bottoms.  A  better  price  is  ob- 
tained than  where  silver  and  gold  is  sold  in  the  matte. 
The  lead  in  50  per  cent,  copper  mattes  will  usually 
run  15  to  20  per  cent. ;  they  do  not  command  a  ready 
sale.  Purchasers  are  willing  to  pay  for  the  silver, 
gold,  and  copper,  but  do  not  want  to  pay  for  the  lead, 
claiming  it  is  a  nuisance,  and  they  prefer  not  to  have 
it,  even  when  it  costs  nothing.  They  also  claim  the 
lead  cuts  the  furnace  walls,  increases  the  losses  by 
volatilization,  and  locks  up  much  value  in  the  bottom 
of  the  furnaces.  These  mattes  fuse  easily,  but  are 
roasted  with  difficulty,  and  when  an  effort  is  made 
to  volatilize  the  lead  the  results  are  far  from  satis- 
factory. As  the  matte  fuses  easily,  it  is  not  sub- 
jected to  the  oxidizing  influence  of  the  blast  for  a 
sufficient  length  of  time.     The  50  per  cent,  copper 
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mattes  may  possibly  be  Bessemerized  in  a  barrel 
converter,  lined  with  magnesite  brick.  The  lead 
would  rapidly  corrode  a  quartz  lining.  A  high  alu- 
minous brick  would  last  reasonably  well  in  a  barrel 
converter.  In  following  this  plan  a  bag-house 
should  be  used  to  collect  the  valuable  fume.  The 
fume  produced  by  bessemerizing  mattes,  whether 
of  lead,  copper,  nickel,  cobalt,  or  iron,  should  be 
saved  by  filtration  through  cloth.  There  is  no  union 
between  the  oxide  of  lead  and  magnesia;  hence  the 
magnesite  bricks  would  be  ideal,  the  only  objection 
being  their  cost,  and  the  increased  life  of  the  lining 
might  justify  that.  Little  or  no  silica  would  be  re- 
quired in  the  barrel  converter,  as  it  is  believed  the 
lead  oxide  would  mechanically  carry  the  iron  oxide. 
As  a  matter  of  fact,  most  of  the  lead  would  assume 
the  fume  state. 

By  the  concentration  of  copper  mattes  on  a  bath 
of  metallic  lead  some  gold  will  pass  into  the  lead ;  a 
considerable  quantity  will  enter  the  copper  bottoms, 
but  this  is  desirable;  65  per  cent,  of  the  silver  is  ex- 
tracted from  the  mattes  by  blast-furnace  smelting. 
If  the  copper  concentration  is  run  long  enough,  the 
lead-well  will  close ;  but  it  is  not  likely  to  do  so  for  a 
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month.  Copper  concentrations  should  be  made 
frequently,  otherwise  the  matte  becomes  highly 
charged  with  arsenic,  the  copper  requiring  handling 
several  times.  It  has  been  noticed  after  a  long  cop- 
per concentration  the  lead  in  the  matte  will  be  low, 
and  the  bullion  will  be  quite  soft  and  more  easily 
refined. 

In  roasting  mattes  that  have  been  re-worked  for 
a  long  time  there  will  be  driven  off  much  arsenious 
oxide,  which  settles  around  the  stacks  and  often  is 
noticeable  at  considerable  distance.  On  the  top  of 
matte  cones  there  will  also  be  observed  crystals  of 
arsenious  oxide.  Some  metallurgists  prefer  to  roast 
the  matte,  leaving  5  to  7  per  cent,  sulphur,  and  then 
smelt  the  roasted  product  with  silicious  ores,  run- 
ning the  copper  in  the  matte  only  to  25  to  35  per 
cent.,  roastmg  this  product  and  bringing  it  up  to 
blister  copper  in  reverberatory  furnaces.  This  pro- 
cess is  satisfactory  in  cases  where  there  is  a  sufficient 
quantity  of  copper  matte  and  copper  ores  to  keep 
the  reverberatory  furnace  running  constantly.  Much 
trouble,  however,  may  be  experienced  in  making  the 
furnace  bottoms  stand  when  the  furnaces  are  run 
irregularly ;  the  unused  bottoms,  however  well  made, 
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will  swell  up  and  undergo  changes  similar  to  the 
slaking  of  lime.  To  attempt  to  use  the  bottoms 
after  long  standing  would  prove  a  loss  of  time  and 
money.  The  irregular  use  of  the  furnaces  is  also 
bad,  since  it  takes  much  skill,  patience,  and  training 
to  secure  and  discipline  a  crew  of  men  for  spasmodic 
copper  concentrations. 

The  Bartlett  cupola  is  a  small  furnace  with  a  slop- 
ing bottom.  The  air  passes  into  it  through  ^-inch 
slots,  8  inches  long,  and  the  height  of  the  charge  is 
only  1 8  inches.  One  of  this  type  was  successfully 
installed  at  a  lead-smeltery  for  burning  out  the  lead 
in  matte,  and  although  the  furnace  ran  fairly  well 
it  was  not  wholly  satisfactory.  Some  lead  was 
burnt  out,  but  a  great  deal  was  left  in  the  matte ; 
usually  the  matte  was  brought  down  to  7  to  10 
per  cent,  lead,  and  for  a  few  hours  ran  4  to  5 
per  cent.  lead.  The  quantity  handled  was  small, 
and  the  work  imperfect  and  irregular.  The  slag 
produced  by  this  furnace  is  generally  quite  free 
from  lead  and  silver.  It  was  supposed  to  be 
susceptible  of  making  a  high  silicious  slag,  but  in 
every  instance  the  silica  was  found  to  run  only 
28  to  30  per  cent.,  and  the  silicious  appearance  was 
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due  to  alumina.  It  was  found  impossible  to 
make  a  silicious  slag  continuously.  Resort  finally 
was  had  to  a  slag  of  this  chemical  composition: 
29  to  31  per  cent,  silica;  26  to  30  per  cent. 
Fe  +  Mn;  10  to  17  per  cent,  alkaline  earths.  The 
fuel  percentage  is  supposed  to  be  small,  ranging  from 
8  to  10  per  cent.,  but  as  the  furnace  frequently  freezes 
and  needs  "barring  off"  and  "dropping  down,"  the 
operators  control  the  quantity  of  fuel.  Under  such 
circumstances  precise  calculations  cannot  be  made. 
This  furnace  originally  was  devised  for  the  treatment 
of  zinc  ores,  for  which  purpose  it  doubtless  serves 
well.  It  cannot  be  commended  for  a  modem  lead- 
smeltery. 

The  details  of  some  slag  Bessemerizing  experi- 
ments made  in  1893  are  worth  traversing.  A  i-inch 
rubber  pipe  was  attached  to  the  peephole  of  a 
tuyere,  connected  at  the  other  end  with  a  4-foot 
length  of  iron  pipe.  The  end  was  inserted  in  a  pot 
of  slag,  and  the  air  passing  through  it  produced  a  dense 
white  fume.  A  year  later  a  second  experiment  was 
made.  A  slag-pot  was  run  close  to  the  furnace, 
a  bell-shaped  hood  placed  immediately  over  it, 
and   the  hood  connected  with  a  No.  i  Sturtevant 
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fan  by  a  6 -inch  pipe  which  connected  a  square 
sheet-iron  box  to  the  top  of  which  a  30-foot  musHn 
bag  was  attached.  The  air  from  a  compressor  was 
blown  into  the  molten  slag  in  41  small  pots,  and 
there  was  collected  66  ounces  fume,  fairly  white 
in  color,  having  a  light  grayish  tint.  The  fume  was 
compact  and  heavy.  Samples  of  the  slag  were 
taken  before  and  after  this  experiment ;  before  treat- 
ing it  contained  1.5  per  cent,  sulphur,  existing  in 
the  slag  mainly  as  matte.  The  sulphur  in  the  slag 
is  somewhat  a  criterion  of  the  quantity  of  matte. 
This  does  not,  however,  hold  good  with  reference 
to  other  slags  produced  by  dissimilar  methods. 

The  quantity  of  zinc  lost  was  very  small,  the  silver 
remained  the  same,  and  the  lead  loss  was  yV  P^^ 
cent.  The  fume  collected  was  small  compared 
with  the  slag  treated,  and  showed  that  i  ton 
of  slag  will  produce  .84  pound  of  fume,  with  a 
commercial  value  not  to  exceed  2  cents  a  pound. 
The  fume  was  carefully  analyzed,  giving  this  re- 
sult: 16. 1  per  cent.  SO3;  6.9  per  cent,  total  sul- 
phur; 7.9  per  cent,  zinc;  a  trace  of  copper;  and 
2.5  ounces  silver,  a  trace  of  gold.  The  wet  deter- 
mination on  lead  gave  64  per  cent.     The  chemical 
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elements  of  the  fume  are  probably  in  combina- 
tion as  follows:  1.51  percent,  sulphide  of  zinc;  8.58 
oxide  of  zinc;  60.94  sulphate  of  lead;  24.07  oxide 
of  lead;  a  total  of  95.13  per  cent.  The  balance  pos- 
sibly is  potash,  soda,  arsenic,  antimony,  etc.  In 
the  second  experiment  the  same  apparatus  was  used 
and  the  operation  conducted  precisely  in  the  same 
manner,  except  that  the  slag  was  covered  with  coke. 
Nine  slag- pots  were  operated  on ;  there  was  collected 
14  ounces  of  fume.  One  ton  of  slag  produced  12.4 
ounces  of  fume.  The  slag,  before  blowing,  showed 
4.1  per  cent,  zinc;  after  blowing,  4  per  cent.  The 
loss  of  .1  per  cent,  is,  of  course,  small  and  indicates 
that  even  in  the  presence  of  carbonaceous  matter 
the  zinc  in  the  slag  is  not  readily  decomposable.  The 
fume  showed  by  analysis  practically  the  same  re- 
sults. It  also  showed  a  trace  of  gold,  and  the  fume 
was  somewhat  darker  than  that  obtained  by  experi- 
ment No.  I.  The  slight  lowering  of  the  percentage 
is  due  to  the  increased  quantity  of  carbonaceous 
matter. 

Experiment  No.  3  was  conducted  exactly  as  were 
Nos.  I  and  2,  except  that  charcoal  was  used  as  a 
covering.     Seven  slag-pots  were  treated,  producing 
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1 1  ounces  of  fume.  One  ton  of  slag,  before  blowing, 
contained  5.4  per  cent,  zinc;  after  blowing,  5  per 
cent.  Here  is  noticed  the  first  appreciable  loss  in 
zinc,  and  even  this  is  trivial  compared  with  the  total 
quantity  of  zinc  present.  No.  3  practically  corre- 
sponded with  Nos.  I  and  2,  except  that  the  color  was 
darker,  due  to  the  presence  of  carbonaceous  matter. 
This  fume  also  showed  a  trace  of  gold. 
Results  may  be  summarized  thus : 

1.  The  zinc  found  in  argentiferous  lead  slags 
exists  essentially  in  the  form  of  silicate,  not  decom- 
posable by  blowing  air  through  it.  Neither  is  it 
decomposable  to  any  marked  extent  in  the  presence 
of  -carbonaceous  matter.  A  small  percentage  of 
sulphide  of  zinc  exists  as  such  in  the  slag,  both  as 
a  free  sulphide  of  zinc  and  in  chemical  union  with 
other  sulphides. 

2.  The  lead  exists  as  metallic,  silicate  and  sul- 
phide of  lead.  There  is  also  sulphide  of  lead  in 
chemical  union  in  the  matte.  There  is  some  sul- 
phate of  lead,  due  to  the  continual  oxidation  of  the 
sulphide.  This  constantly  arises  and  produces  the 
white  fume  so  commonly  noticed. 

3.  Silver  exists  in  the  slag  as  matte,  held  mechani- 
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cally.  Many  chemical  experiments  made  by  the 
author  demonstrated  that  silver  cannot  exist  in  the 
form  of  silicate  in  slag. 

DRAWINGS    AND    SPECIFICATIONS. 

The  original  construction  of  the  plant  should 
generally  be  done  by  contract,  except  the  furnaces; 
and  subsequent  alterations,  additions,  and  improve- 
ments should  also  be  by  contract,  as  experience  has 
shown  that  there  is  less  interference  with  the  running 
of  the  plant  to  its  maximum  efficiency.  For  such 
work  the  drawings  and  specifications  should  be  full 
and  complete. 

The  drawings  should  all  be  made  to  a  scale,  and 
the  scales  preferred  are  the  following  fractions :  ■§■,  \, 
i-,  and  i  inch,  representing  i  foot  in  each  case. 
Every  important  dimension,  depth  of  foundation, 
and  everything,  even  to  the  size  and  length  of  bolts, 
should  plainly  be  marked  on  the  drawings,  which 
should  be  so  complete  that  even  if  the  specifications 
do  not  state  the  length  and  size  of  bolts,  they  will 
be  shown  on  the  drawings. 

Only  skilled  engineers  and  draughtsmen  should 
be  allowied  to  prepare   the  drawings.     After  they 
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are  approved  by  the  engineer  a  blue  print  should  be 
taken  and  again  carefully  revised.  Then  it  will  be 
best  to  consider  separately  any  suggestions  from  the 
mechanic,  head  carpenter,  and  head  brick-mason 
of  the  works.  Often  excellent  suggestions  are  ob- 
tained from  them.  It  is  of  the  utmost  importance 
to  interpret  a  mechanical  drawing  accurately  and 
quickly.  Frequently  the  success  of  the  plant  will 
depend  largely  on  the  accuracy  of  the  drawings  and 
the  ability  of  the  owners  to  understand  every  detail. 
To  accomplish  the  best  results  have  a  mechanical 
and  constructing  engineer  who  is  also  a  fine  draughts- 
man at  the  works  permanently.  The  superintendent 
and  engineer  should  have  the  plans  well  digested 
before  the  tracing  is  made.  Some  convenient  place 
should  be  provided  the  contractors  in  which  to  pre- 
pare their  bids. 

All  large  industrial  plants  should  provide  a  vault 
for  valuable  drawings,  and  all  blue-printing  should 
be  done  at  the  works.  The  original  tracings  should 
be  properly  numbered,  wrapped,  and  marked  plainly 
for  quick  identification.  At  least  two  sets  of  blue 
prints  should  be  mounted  on  cardboard ;  and  where 
the  drawings  are  large  they  should  be  made  to  fold 
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like  a  book.  The  original  tracings  should  not  be 
taken  from  the  office;  the  contractors  and  builders 
should  be  furnished  with  mounted  blue  prints.  In- 
dustrial specifications  should  be  prepared  with  great 
care.  There  are  certain  set  phrases  and  sentences 
which  will  be  found  common  in  this  class  of  specifi- 
cations. The  subject-matter  should  be  systemati- 
cally arranged,  and  that  part  of  the  work  which  be- 
gins first  should  be  mentioned  first,  and  the  heading 
of  each  subject  should  stand  out  in  large,  bold  letters. 
Whenever  the  specifications  cover  a  piece  of  work 
involving  a  large  sum  of  money  there  should  be  an 
index  of  subjects;  this  will  result  in  saving  of  time. 
It  is  best  to  print  as  much  of  the  specifications  as 
possible  (the  remainder  typewritten),  and  at  the  close 
of  every  important  paragraph  there  should  be  sev- 
eral blank  lines. 

As  the  specifications  for  a  lead-smelter}'-  are  so 
different  from  other  industrial  plants,  it  has  always 
been  difficult  to  gain  assistance  from  any  book  or 
paper. 

The  superintendent  should  be  able  quickly  to 
judge  the  merits  and  demerits  of  the  drawings,  and 
when  necessary  be  able  to  prepare  all  specifications 
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and  contracts.  It  will  be  difficult  to  enumerate  the 
multiplicity  of  small  accessories  to  be  built,  either 
on  the  company's  ground  or  at  the  foundry,  ma- 
chine-shop, or  at  other  places. 

In  all  cases,  even  to  the  building  of  boilers  or 
engines,  specifications  should  emanate  from  the  in- 
dustrial plant,  although  it  be  necessary  to  study  the 
specifications  of  different  establishments  bearing  on 
the  subject.  This,  of  course,  takes  time  and  some 
expense,  but  if  the  plant  is  to  be  a  success  financially 
there  is  no  way  to  avoid  it.  For  almost  all  construc- 
tion work  have  a  drawing,  a  specification,  and 
a  signed  contract.  The  moment  you  depart  from 
this  trouble  will  arise.  In  the  contract  have  a  Time 
Clause  and  a  Penalty  Clause.  The  sum  demanded 
in  case  the  work  is  not  finished  on  contract  time 
need  not  be  large,  but  it  will  have  a  very  wholesome 
effect  on  the  contractor. 

At  a  lead-smeltery  a  few  of  the  many  things  that 
must  be  built  are,  briefly :  smoke-stacks,  smoke-ducts, 
dust- chambers,  both  of  iron  and  brick;  brick,  iron, 
and  wood  floors,  platforms;  cesspools  and  various 
closets  and  vaults ;  blast,  roasting,  fusing,  and  refin- 
ing furnaces.     All  kinds  of  tools,  implements,  and 
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devices  for  the  handling  and  transportation  of  ma- 
terial about  the  works  should  be  made  from  draw- 
ings, accompanied  by  full  and  complete  specifica- 
tions. 

It  is  difficult  to  prepare  a  good  set  of  drawings 
and  specifications  by  reason  of  insufficient  data. 
In  such  cases  the  requirements  should  be  carefully 
considered ;  go  direct  to  experienced  architects  and 
engineers  for  suggestions.  Frequently  it  will  be- 
come necessary  to  visit  other  plants;  this  should 
be  done  when  the  subject  is  fresh  in  mind.  Draw 
freely  from  all  kinds  of  industrial  plants  in  order 
to  secure  the  most  advanced  ideas.  Foreign  coun- 
tries should  be  visited  where  one  has  reason  to  be- 
lieve the  practice  is  better  than  in  his  own  country. 
Industrial  plants  are  great  money-makers  when 
properly  managed.  It  is  the  modem  up-to-date 
plants  that  yield  the  best  returns. 

This  chapter  is  particularly  pertinent  to  the  lead- 
:smelting  industry;  in  a  great  many  respects  it  will 
apply  as  well  to  all  industrial  plants. 

When  the  drawings  and  specifications  have  been 
completed  and  it  has  been  decided  to  go  ahead  with 
the  construction,  then  letters  should  be  addressed 
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to  a  number  of  contractors  well  versed  in  the  dis- 
tinct style  of  construction  contemplated,  inviting 
a  call.  The  drawings  should  then  be  carefully  ex- 
plained, the  specifications  read  to  and  by  them, 
and  a  visit  be  made  to  the  site  and  the  place  where 
the  excess  dirt  is  to  be  transferred.  Facilities 
offered  for  railroad  transportation,  if  any,  and  where 
they  can  attach  their  water-hose,  should  be  fully  ex- 
plained. Give  them  to  understand  that  they  must 
not  only  furnish  their  own  tools,  but  must  take 
care  of  all  their  own  property,  and  that  while  the 
company's  men  will  not  be  allowed  to  interfere 
with  them,  their  employees  must  not  interfere  with 
the  company's  men  or  property. 

When  the  bids  are  all  in  they  should  be  opened 
in  the  presence  of  the  bidders.  Each  proposal 
should  be  read  aloud,  and  the  lowest  bidder  awarded 
the  contract.  The  successful  competitor  now  should 
be  required  to  sign  the  original  tracings  and  speci- 
fications, testifying  by  so  doing  that  he  understands 
them.  Then  the  contract  should  be  signed  by  both 
parties. 
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THE    INNER    LINES. 

From  1879  to  1900  the  inner  lines  of  blast-fur- 
naces used  for  smelting  argentiferous  lead  ores 
varied  widely.  The  size  at  the  tuyeres  varied  from 
a  circle  36  inches  diameter  to  a  rectangular  section 
at  the  tuyeres  of  60  inches  width  and  160  inches 
length.  The  bosh  of  the  water  jackets  varied  from 
6  to  12  inches.  The  cubical  contents  of  the  crucible 
varied  from  8  to  77  feet  (designated  A).  The  cubi- 
cal space  enclosed  by  the  water-jackets  varied  from 
40  to  190  feet  (designated  B).  The  cubical  space 
from  the  top  of  the  water-jackets  to  the  feed-floor 
level  (considered  the  height  of  the  charge)  varied 
from  23  to  1223  feet  (designated  C).  The  size  of 
the  furnace  is  measured  by  the  number  of  cubic 
feet  it  contains.  Its  capacity  varied  widely  from 
93  to  1500  cubic  feet.  The  height  of  the  water- 
jackets  varied  from  41  to  60  inches.  The  height, 
measured  from  the  top  of  the  jackets  to  the  feed- 
floor,  varied  from  4  to  16  feet.  The  width  of  the 
furnace  at  the  feed-door  varied  from  4  to  7  feet,  and 
the  length  of  the  furnace  at  this  place  (all  dimensions 
taken  from  the  inside  of  the  furnace)  varied  from 
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5  to  15  feet.  The  distance  from  the  centre  of  the 
tuyeres  to  the  feed-floor  (or  top  of  charge)  varied 
from  10  to  20  feet.  A  few  furnaces  had  a  height  of 
charge  above  the  tuyeres  of  20,  22,  and  25  feet,  and 
one  30  feet. 

Observation  and  practical  experience,  covering 
a  period  of  two  decades,  are  comprehended  in  the 
annexed  recommendations  as  to  the  dimensions  of 
an  ideal  furnace : 

Size  at  tuyeres 48  X  144  inches. 

Bosh  of  jackets 10  inches. 

Contents  of  crucible 77  cubic  feet. 

Contents  of  jackets 180  cubic  feet. 

Contents  from  top  of  jackets  to 

feed-floor 1243  feet. 

Total  capacity 1500  cubic  feet. 

Height  of  jackets 41  to  48  inches. 

Top  of  jackets  to  feed-floor 13  feet. 

Width  at  feed-floor 7  feet. 

Length  at  feed-floor 15  to  16  feet. 

Height  of  charge  (tuyeres  to  feed- 
door)  16  to  1 7  feet. 

The  concept  of  a  furnace  as  above  outlined  would 

have  good  reduction,  great  speed,  and  long  life;  it 
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would  make  little  flue-dust  and  the  slags  would  be 
good,  provided  the  charge  was  watched  and  cor- 
rectly calculated.  With  a  blast  of  3  to  4  pounds, 
and  tuyere  openings  3^  inches,  there  would  be 
smelted  daily  (24  hours)  140  to  150  tons  of  ore,  ex- 
clusive of  fuel,  lime,  and  slag,  but  inclusive  of  iron 
flux.  The  inner  lines  are  more  particularly  indicated 
by  Figs.  I,  2,  3,  4,  5,  6,  7,  8,  and  9. 

The  reduction  of  different  forms  of  lead  blast- 
furnaces varies  widely.     The  reasons  are   obscure. 


A  =  12.2 
B  =  41.5 
C  =  143.7 

Total  =  197.4  cu.  ft. 


36"  X  40^"  at  tuyeres. 
6"  bosh. 


Fig.  I. — Small  Portable  Furnace. 

To  ascertain  this  fact  take  two  examples,  Figs.  7 
and  8.  Fig.  7  shows  the  inner  lines  of  a  large  ton- 
nage producer,  making  slags  quite  free  from  silver 
and  lead,  with  matte  low  in  lead. 

Fig.  8  shows  a  much  larger  furnace,  but  its  ton- 
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nage  is  no  larger  than  that  of  Fig.  7.  The  slags 
are  high  in  silver  and  lead,  and  the  matte  is  ex- 
cessively high  in  lead.  It  is  too  narrow  at  the  top, 
too  high,  too  wide  at  the  tuyeres,  and  has  the  bosh 


J 

5  0— >^ 


''S^^ 


^Length  6  0 


Length  6  0 


A  =    42.37 
B  =  112.5 
C  =  360 

Total  =  514.87  cu.  ft. 


48"  X  72"  at  top  of  crucible. 
12"  bosh. 


q 


^       Length  5  3' 


Fig.  2.  —  Straight  Water-jackets. 

in  the  brickwork,  instead  of  a  sharp  12 -inch  water- 
jacket  bosh,  and  this  furnace  is  faulty  by  having  a 
6-inch  bosh  in  the  jackets.  It  is  impossible  to  main- 
tain the  bosh  in  the  brickwork  in  the  case  of  Fig.  8, 
but  in  Fig.  7  it  is  practicable. 

Furnace  Fig.  7  has  proven  an  excellent  type ;  Fig.  8 
a  great  failure.  One  smelts  as  much  as  the  other; 
indeed.  Fig.  7  can  be  put  inside  of  Fig.  8  with  the 
inner  lines  appearing  like  Fig.  9. 

Blast-furnaces  and  furnaces  generally  should  be 
large ;  they  may,  liowever,  be  improperly  built.     The 
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matte  on  furnace  Fig.  7  runs  from  7  to  10  per  cent, 
in  lead;  on  furnace,  Fig.  8,  20  to  40  percent.  As 
the  copper  increases  in  matte  there  is  a  marked 
tendency  of  the  lead  to  increase,  and  for  this  reason 
concentrations  should  take  place  as  soon  as  the 
matte  reaches  15  to  20  per  cent,  copper,  when  using 


A  =    43-7 
B  =    93.4 

c  =  527-5 

Total  =  664.6  cu.  ft. 


36"  X  100"  at  tuyeres. 
6"  bosh. 


Fig.  3. — Favorite  Form  from  1880  to  1890. 

large  furnaces  and  driving  fast ;  but  with  small  fur- 
naces the  copper  in  the  matte  when  exceedmg  lo 
to  12  per  cent,  occasions  difficulties  in  the  crucible 
and  closes  up  the  lead  well.  Slags  high  in  silica 
should  not  be  used  when  the  matte  is  high  in  lead ; 
a  basic  slag  with  the  lime  high  is  preferable. 

The  construction  of  a  modem  lead  blast-furnace 
is  practically  the  same  as  those  smelting  copper  ores, 
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except  the  latter  are  shorter,  and  the  distance  from 
the  centre  of  the  tuyeres  to  the  top  of  the  charge  is 
less  than  furnaces  smelting  lead  ores.  Copper  fur- 
naces have  no  crucible. 


J ^Length  94* 


A  =  50.9 
B  =  134. I 
C  =  634.9 


5  8=-^Length  i'i' 


Total  =  819.9  cu.  ft. 


42     X  112"  at  tuyeres. 
10"  bosh. 


Len^h  9  1 


Fig.  4. — Perpendicular  Walls  and  Singular  Crucible. 

Furnaces  ultimately  may  attain  a  capacity  of 
2500  to  3000  cubic  feet,  and  doubtless  follow  the 
lines  indicated  by  Von  Rachette,  Schinz,  and  Tru- 
ran  for  smelting  iron  ores.  The  Rachette  furnace 
was  the  guide  the  author  used  in  designing  the 
successful  furnace  called  Figs.  6  and  7.  An 
enlarged  furnace  mouth  is  strongly  commended 
as  it  allows  a  more  uniform  descent  of  the  charge; 
the  furnace  does    not    need    to  be  so  high,  hence 
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the  blast  is  less,  and,  what  is  more  important,  the 
ores  become  better  heated,  the  gases  are  removed 
at  a  lower  temperature,  and  a  compound  oxydizmg 
and  reducing  furnace  is  secured. 

The  height  of  Rachette  furnaces  is  somewhat 
greater  than  in  furnaces  subsequently  built ;  still,  if 
the  ore  is  coarse,  the  height  may  not  be  excessive. 


A  =    83.3 
B  =  159.1 

c  =  578.7 

Total  =  S21.1  cu.  ft. 


60"  X  100"  at  tuyeres. 
6"  bosh. 


Fig.  5. — Wide  and  Short  Furnace. 

An  interesting  and  valuable  table  giving  the  vari- 
ous dimensions  of  furnaces  used  at  different  times 
and  places  up  to  1900  is  appended.  It  gives  the 
size  at  the  tuyeres  and  water-jacket  bosh,  as  well  as 
the  cubical  contents  of  various  divisions.  In  most 
instances  the  height  of  the  water-jackets  and  the 
distance  from  the  top  of  them  to  the  top  of  the 
charge  are  given.     In  other  cases  the  size  of  the 
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furnaces  at  the  feed-floor  appears,  and  generally  the 
distance  measured  from  the  centre  of  the  tuyeres 
to  the  feed-floor  is  given.  Furnace  indicated  as 
Fig.  7  is  believed  to  be  the  best  of  all  the  types. 
Lead  and  copper  furnaces  may  be  compared  as 
follows : 


Area    of    horizontal     section    at  j 
tuyeres | 

Area  of   horizontal    section    at  top 
of  jackets 

Area  of  horizontal  section  at  feed- 
floor 

Volume    from    feed-floor   to  top  of 
jackets 

Volume  from  top  of  jackets  to  angle 
of  bosh  

Volume     from     angle    of    bosh    to 
bottom  of  jackets 

Total  volume 

Bosh  in  jackets ; . 

Height  of  column  to  feed-floor... 

Height  of  column  actual  in  practice 

Number  and  size  of  tuyere  points 

Total    combined     area     of     tuyere 
points 


Lead. 


140  X  42 
40.8  sq.  ft. 

69.0   "      " 

lOO.O  "     " 

1232.5  cu.  ft. 

105.2  "     " 

61.2   "     " 

1398.9  "     " 

to" 

16'  11"  , 

16'  o" 

14— 3i 

67.38  sq.  in. 


Copper. 


144  X  44 
44.0  sq.  f 

64.0   "      ' 

80.0   "      * 

522  cu.  ft 

162    " 

no   '• 

794   " 
la" 
11'  6 
7' 6" 
i6-4f 

283.52  sq.  in. 
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8  8-  -  -I  Length  16 'o' 


A  =       72. 
B  =     171.18 
C   =  1222.93 


Total  =  1466. 1 1  cu.  ft. 


42"  X   140"  at  tuyeres. 
10"  bosh. 


Fig.  6  (side  view  Fig.  7). 


■y/.-y/A 


Fig.  7. 
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Lead  Blast-furnaces. 
Inner  Lines  of. 


Round  furnace  built  for  C.  James  . 
Small  portable 


Size  at 
Tuyeres 
(Inches) 


Bosh  of 
Jackets 
(Inches) 


Early  style  furnace 

Copper,  Butte 

Built  for  C.  J 

Standard  S.  &  R.  Co 

Hot-blast  pyritic  furnace 

No.  3  Germania  Lead  Works,  Salt  Lake 

City 

Portable  Sultepec  Mining  Co.,  Mexico 

Yuba  S.&  R.  Co 

Furnace  buik  at  Leadville  about  1880. 

No.  4  Germania,  Salt  Lake  City 

Built  in  1892  for  a  small  plant 

Monterey,  Mexico 

Hot-blast  pyritic   

Grant  Sm.  No.  q  Phil.  Mn.  &  Sm.  Co., 

Pueblo.      Pueblo   Sm.    &   Ref.    Co 


Omaha  Grant.     Denver,  18I 

1880  to  1886  furnace     

San  Juan  &  New  York  Sm. 
Colorado  Sm.  Co.,  Pueblo.. 
Helena  &  Livingston 


Omaha  &  Grant  Sm.  &  Ref.  Co.,  1884 
N.  Pacific  Sm.  Co 


Slag  furnace 

S.  &  R.  Co.  Furnace 

Omaha  &  Grant,  1886-1892 

Leadville  Works 

Furnace  142,  Salt  Lake  City  

Great  Nat.  Smelting  Co.,  Mexico. 

Cia.  Met.  Mexicana 

Nos.  9,  10,  II 

Slag  Furnace  


Pueblo 

Zeehan  Dundeas  Sm.  Co.,  Tasmania. 

El  Paso  Sm.  Co 

Mingo  Co 

Standard  Sm.  Co.,  1888 

Built  in  1892  

Philadelphia 

Fig.  7 


36 
36X40J 
36X40* 
36X40 
36X96 
33X72 
33X84 
30X140 

41X76 

33X60 

36x80 

33X84 

48X72 

33X80 

36X100 

33X140 


36X80 

36X80 

36X80 

36X96 

36X90 

42X96 

36X100 

33X100 

36X120 

36X100 

36X100 

36X120 

36X100 

36X100 

33X120 

42X84 

42X120 

42X120 

30X120 

36  X 100 

42X112 

60X100 

40X136 

42X120 

36X120 

42X120 

42X120 

60X120 

42X140 


6 
6 
6 
loi 


Contents  in  Cubic  Feet. 


Cru- 
cible. 


12.2 
14.2 
12.6 
0.0 

28.0 

21 .0 

0.0 

24.91 
17.6 
26.5 
24.7 

42.37 
22.1 
28  o 


32 

9 

32 

4 

32 
60 

9 

54 

37 

43 
27 

6 

31 

4 

33 
28 

0 

7 

28 

7 

0 

50 

43 

7 

34 

62 

3 
9 

40 

50 

43 

75 

52 

5 

50 
83 
35 

9 
3 
64 

43 
46 

7 
3 

77 

.0 

In 

Jackets. 


Above 
Jackets. 


62 

41.5 
39-6 
39-3 

231.6 
62.0 
76.0 

152-5 

85  03 
53-0 
75-2 
72.9 
112. 5 

76.3 
99.0 
165.7 


75-2 
76.1 
75-2 
98.8 
94-34 

no 
93-2 
86  o 

118 
93-2 

102.5 

115. o 
93-4 
93-4 

102.7 

106.2 

'37 

'32 
99-25 
93.2 

'34-1 

'59-' 

140.82 

144 

122.2 

165.32 

173 

190 
171.18 


23 

143-7 
196.5 
209.6 
161.5 
182.0 
27s 
246.4 

326.88 

408.2 

389 -5 

402.5 

360.0 

443-4 

401 

381.4 


439-9 
437-3 
454-8 
404.8 
423.2 
410 
451-5 
474.0 
422 
490.2 
582.3 
520 
5'0-4 
527-5 
540.4 
520.62 
5450 
545 
664.8 
665.7 
634.9 
578.7 
714.01 
743.0 
780.2 
875-0 
990 
1150 
1322.93 
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Top  of 
Jacket 

to  Feed 
Floor. 

(Inches) 

Dimensions  at 

Centre 

Total 
Cubic 

Height 

of 
Jacket. 
(Inches) 

Feed  Door. 

of 
Tuyere 
to  Feed 

Floor. 
(Inches) 

Built  by 

Feet. 

Width. 

Length. 

(Inches) 

(Inches) 

93 

Frazer  &  Chalmers 

197.4 

41 

"89' 

54 

...  ^^.. 

120 

Hendric  &  Meyer 

250-3 

41 

129 

50 

54 

160 

Do. 

261 .5 

41 

ii8 

60 

Do. 

393- 1 

51 

57 

"loS" 

""60" 

Built  at  Butte 

272.0 
372.0 

Frazer  &  Chalmers 

........ 

Do. 

398.9 

""55}' 

'"ee" 

154 

108 

Colorado  Iron  Works 

436.82 

45 

145 

58 

180 

Built  at  Salt  Lake  City 

478.8 

41 

186 

54 

'""So" 

216 

Colorado  Iron  Works 

491.2 

41 

126 

54 

80 

132 

Do. 

500.1 

41 

139 

54 

104 

168 

5J4-87 

45 

121 

72 

72 

156 

Salt  Lake  Foundry 

541-8 

42 

167 

52 

99 

198 

Colorado  Iron  Works 

528 
547-1 

Frazer  &  Chalmers 

■"'ssi' 

93 

59 

154 

■■■.ss" 

Colorado  Iron  Works 

548.0 

41 

^47 

58 

I02 

156 

Colo.  Iron  Works,  and  others 

545-8 

41 

M7 

58 

102 

177 

Colorado  Iron  Works 

562.9 

41 

144 

62 

106 

'56 

Hendrie  &  Meyer 

563.6 

42 

120 

56 

106 

152 

Do. 

571-91 

42 

120 

56 

no 

152 

Pueblo  Foundry 

563 
572 -3 

Frazer  &  Chalmers 

41 

ia6 

■■58' 

122 

"156" 

591-4 

4' 

145 

S3 

120 

176 

Colorado  Iron  Works 

573 
612. 1 

41 

Frazer  &  Chalmers 

■■138" 

■■■■58" 

122 

200 

613-5 

42 

168 

55 

119 

100 

635.0 

41 

156 

48 

120 

187 

Colorado  Iron  Works 

653-8 

4' 

r74 

48 

120 

204 

Do. 

664.6 

41 

147 

58 

122 

158 

Do. 

6774 

41 

144 

5' 

138 

•75 

Do. 

689.72 

43i 

M7 

60 

102 

180 

Salt  Lake  Foundry 

722 
727 

Frazer  &  Chalmers      , 

Do. 

807.8 

41 

■■■178' 

57 

144 

■.85' 

Colorado  Iron  Works 

8it 

4 

41 

192 

56 

120 

223 

Do. 

819 

9 

46 

158 

62 

112 

196 

Kansas  City  Foundry 

821 

I 

42 

120 

78 

"4 

176 

Pueblo  Foundry 

S90 

47 

42 

163 

52 

148 

196 

930 

7 

46 

173 

62 

120 

209 

948 

7 

42 

196 

56 

141 

224 

1117  32 

48 

174 

62 

140 

212 

Hendrie  &  Meyer 

1235 

48 

180 

66 

144 

216 

Do. 

1400 

Frazer  &  Chalmers 

1466 

II 

41 

•75 

80 

"ISo   ' 

192 

Denver  Eng.  Wks.  Co. 
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THE    FOUNDATION. 

Construct  the  blast-furnace  building  before  start- 
ing the  foundation  for  the  furnaces  and  leave  a 
proper  opening  in  the  feeding  floor.  From  each  of 
the  corners  of  the  rectangular  openings  plumb-lines 
should  be  dropped  to  lay  off  the  furnace  foundation. 
When  the  lines  have  been  ascertained  a  hole  should 
be  dug,  conforming  to  the  lines,  to  the  depth  of  three 
feet. 

Hard  red  brick  laid  in  gray  lime  mortar  is  pre- 
ferred for  the  foundation.  Grouting  is  done  up  to 
the  last  two  or  three  courses,  and  the  top  is  finished 
by  laying  several  courses  with  greater  care. 

The  furnace  columns  should  extend  into  the 
ground  3  feet.  The  column  foundations  should  start 
at  the  same  level  as  the  bottom  of  the  large  hole.  In 
the  construction  of  these  use  only  hard  paving  brick 
and  lay  with  full  flush-joints,  using  gray  lime  mortar 
and  the  best  Portland  cement.  In  some  cases, 
where  the  furnaces  are  built  on  wet,  springy  ground, 
use  a  concrete  bed  before  starting  the  column 
foundations.  In  all  cases  it  will  be  found  good 
practice  to  place  a  large  flat  stone  8  to  10  inches 
thick  at  the  bottom  of  the  columns. 
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One  of  the  chief  reasons  why  the  furnace  columns 
should  extend  below  the  ground  is  that  one  can 
never  tell  what  height  will  actually  be  required  at 
the  front  of  the  furnace  in  the  nature  of  fore-hearths. 

The  lead  bullion  that  permeates  the  foundations 
of  these  furnaces  becomes  gradually  richer  in 
gold  and  silver.  Where  large,  rapidly  driven  blast- 
furnaces are  used,  the  lead  in  the  crucible  becomes 
quite  hot,  hence  the  absorption  of  the  bullion  into 
the  foundation  is  greatly  increased.  When  fire- 
brick is  used  the  entire  foundation  becomes  colored 
and  very  heavy,  and  on  breaking  the  brick  it  is 
found  threaded  with  bullion;  but  with  common  red 
brick,  particularly  when  quite  dense,  comparatively 
little  absorption  takes  place,  and  the  mortar  appar- 
ently has  the  property  of  becoming  replaced.  It  is 
a  waste  of  money  to  put  in  the  foundation  of  these 
furnaces  with  fire-brick  as  there  is  no  intense  heat 
at  that  point;  what  is  needed  is  firmness,  compact- 
ness of  structure,  and  some  substance  which  has 
not  the  property  of  absorbing  lead.  As  a  matter 
of  fact,  red  brick  are  far  more  porous  than  fire-brick, 
and  one  would  naturally  think  red  brick  would 
absorb  the  greater  amount  of  lead,  but  experience 
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proves  quite  the  contrary.  Blast-furnace  founda- 
tions of  molten  slag  have  been  constructed,  but 
this  has  nothing  to  commend  it;  indeed,  it  is  the 
worst  possible  foundation,  although  theoretically 
it  would  seem  ideal.  The  insurmountable  objection 
to  a  slag  foundation  consists  in  the  fact  that  the 
bullion  absorption  is  very  large,  and  through  the 
maiiy  thousand  cracks  in  the  slag  a  complete  infil- 
tration of  molten  lead,  very  rich  in  silver  and  gold, 
takes  place. 

Whenever  it  becomes  necessary  to  remove  the  slag 
foundations, .  it  will  be  found  that  there  is  presented 
a  difficult  mechanical  problem,  since  it  is  hard  to  re- 
move. Drilling  holes,  either  by  hand  or  with  steam 
or  compressed  air,  will  be  of  little  use,  as  it  is 
iinpossible  to  blow  up  or  dislodge  any  portion  of  the 
slag  bottom  of  a  size  sufficiently  large  to  pay  for  the 
trouble.  It  is  quite  immaterial  whether  black  or 
giant  powder  is  used. 

The  fact  is  recorded  that  the  minimum  absorption 
is  from  four  to  six  thousand  dollars,  the  maximum 
twenty  thousand  and  over.  It  is  a  difficult  matter 
to  sample  furnace  bottoms ;  the  best  way  is  to  keep 
the  metallic   portions   entirely   separate   and   then 
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A    =      I02. 

B  =    227.75 
C   =  1775- 

Total  =  21C4.75  cu.  ft. 
48"  X   136"  at  tuyeres. 


Fig.  8. 


Fig.  g. 
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melt  them  down  in  a  large  cast-iron  pot.  The 
skimmings  of  the  lead  are  rich  and  care  must  be 
taken  not  to  get  too  many  "metallics"  into  the  por- 
tion to  be  crushed,  otherwise  the  machinery  is  liable 
to  break. 

THE    CRUCIBLE. 

The  bottom  crucible  plate  is  made  of  wrought 
iron  with  a  thickness  not  less  than  half  an  inch. 
This  plate  in  reality  should  be  in  one  piece,  as  the 
trade  sheets  of  this  thickness  of  steel  will  not  generally 
permit.  It  should  have  the  fewest  possible  seams, 
and  unusual  care  should  be  taken  to  m^ake  it  water 
and  air  tight.  The  writer  has  serious  doubts  whether 
a  joint  can  be  made  that  will  prevent  the  leakage  of 
lead  when  the  furnace  has  run  for  five  or  six  months. 
He  recommends  the  seams  to  be  "double  butt- 
strapped,"  with  a  bar  half  an  inch  thick  6  inches 
wide  and  riveted  in  place, — one  bar  at  the  bottom 
and  another  over  the  top, — using  |-inch  rivets. 

Experience  has  shown  the  great  desirability  of 
covering  the  top  of  the  brickwork  of  the  crucible 
with  cast  iron  plates.  It  is  necessary  to  have  some 
mode  of  securely  fastening  them  down. 
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It  is  preferable  to  have  all  the  side  crucible  plates 
made  of  cast  iron  at  least  2i  inches  thick  through- 
out. These  plates  are  reinforced  with  three  rows 
of  7 5 -pound  rail;  two  rails  are  placed  closely  to- 
gether, bent  up  at  each  end  to  catch  the  comer 
bolts.  Between  the  two  7  5 -pound  rails  run  if -inch 
bolts,  using  on  the  inside  a  heavy  wrought-iron 
washer.  The  rail  bolts  should  be  placed  at  dis- 
tances not  greater  than  18  inches. 

The  crucible  plates  should  have  an  outward  flange 
at  the  bottom  in  order  to  bolt  them  to  the  bottom 
sheet-iron  plate.  Leakages  of  lead  take  place  fre- 
quently at  the  bottom  edge  of  the  crucible  plates. 
Increased  size  of  furnace  imperatively  demands 
stronger  construction,  and  greater  blast  pressure 
means  more  tons  of  ore  smelted  each  day  and  much 
greater  production  of  bullion.  On  account  of  the 
length  and  the  heat  greater  strength  is  required. 
If  the  crucible  plates  are  36  inches  wide,  a  depth 
of  21  inches  for  the  crucible  has  been  secured,  and 
this  has  been  found  to  work  well.  Still,  25  inches 
is  preferable,  and  in  order  to  get  this  the  plates  may 
be  3  or  4  inches  higher.  These  plates  should  not 
vary  much  from  36  to  42  inches  in  width.     The  bot- 
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torn  ring  course  of  the  crucible  should  be  built  with 
great  care.  Use  "key  brick,"  and  see  that  these, 
as  well  as  all  others  in  the  crucible,  are  closely  laid. 
Care  should  be  taken  not  to  have  the  fire-clay  too 
thick. 

The  lead-well  formally  was  put  in  the  centre  of 
the  projecting  side  of  the  crucible,  but  modem 
practice  has  shown  that  it  should  be  near  the  front. 
Formerly  this  channel  was  circular  and  had  a  diam- 
eter of  only  2  to  3  inches,  but  now  it  is  sometimes 
made  i  foot  square;  6  or  8  inches  in  width  is  ad- 
vised. On  account  of  the  frequent  clogging  of  the 
lead- well  on  small  furnaces  much  trouble,  delay, 
and  expense  was  occasioned.  These  difficulties 
were  always  intensified  by  the  presence  of  copper 
in  the  matte,  in  excess  of  lo  per  cent.  Since  the 
lead-channel  has  been  so  materially  enlarged  and 
the  quantity  of  lead  entering  the  crucible  has  been 
so  largely  increased  by  fast  driving  these  troubles 
have  almost  entirely  disappeared.  The  metallur- 
gist can  now  run  a  furnace  for  a  year,  producing 
matte  containing  from  15  to  25  per  cent,  copper 
without  the  shghtest  difficulty  and  very  frequently 
mattes  running  from  40  to  50  per  cent,  copper  for 


BLAST-FURNACE.  57 

a  period  of  two  to  four  weeks  have  been  produced; 
but  at  this  high  point  the  copper  alloy  should  con- 
stantly be  removed  from  the  top  and  sides  of  the 
lead-well.  Cold  lead,  both  in  the  crucible  and  in 
the  well,  is  now  a  thing  of  the  past,  except  in  ex- 
ceedingly rare  cases.  There  is  not  a  single  item  in 
the  various  departments  of  lead-smelting  that  has 
so  lessened  the  cares  of  the  furnace  attendants  as 
this  elimination  of  the  lead-well  troubles;  nor  has 
there  been  anything  which  has  made  this  industry 
so  safe  and  profitable.  Whenever  the  lead-well 
channel  was  closed  up  the  lead  had  to  escape  in 
some  manner,  and  the  only  way  was  with  the 
slag  and  matte. 

The  lead-well  should  be  so  constructed  as  to  en- 
able rods  to  be  run  straight  down  to  the  bottom  of 
the  crucible.  There  should  be  no  bends  or  angles 
in  the  channel,  and  have  from  8  to  lo  inches  of 
brick  above  the  opening.  The  top  of  the  lead-well 
is  considerably  above  the  level  of  the  crucible.  It 
really  is  a  separate  wrought-iron  appendage,  lined 
with  brick,  and  is  the  last  thing  built  about  the 
crucible.  For  tapping  the  lead  there  is  a  i^-inch 
hole  in  the  lead- well  plate  near  the  bottom ;  the  lead 
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flows  through  a  small  cast-iron  spout.  This  band 
is  anchored  to  prevent  lead  from  oozing.  The  fur- 
nacemen  prefer  to  have  a  large  margin  in  the  height 
of  the  lead-well,  which  they  soon  regulate  to  a  great 
degree  of  nicety;  of  course,  the  height  should  vary 
according  to  the  blast  pressure — the  higher  the 
blast,  the  higher  the  lead  should  be  carried  in  the 
lead-well.  The  bottom  of  the  lead-well  may  be 
sprayed  several  times  each  shift  with  water  to  pre- 
vent lead  leakage. 

The  covering  plates  at  the  top  of  the  crucible  are 
made  of  cast  iron,  in  sections,  and  i|  inches  thick. 
These  plates  should  fit  snugly  up  to  the  side  plates, 
and  the  nuts  be  counter  sunk.  They  should  have 
a  slope  from  the  water-jackets. 

By  the  use  of  these  plates  the  furnace  is  kept  far 
neater  and  water  is  prevented  from  coming  on 
the  brickwork.  The  uncovered  brick  will  swell, 
disarranging  the  water-jackets,  presenting  an  uneven 
surface  and  a  careless  appearance.  By  allowing 
water  frequently  to  run  on  the  brick  it  causes  it 
to  disintegrate.  It  has  often  been  noticed  that  fire- 
brick used  in  the  crucibles  of  lead  blast-furnaces 
will  crimible  when  exposed  for  some  time  to   the 
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atmosphere,  and  especially  if  water  is  occasionally 
sprinkled  on  them.  This  chemical  change  is  due 
to  an  oxidation  of  the  sulphides,  producing  sul- 
phates of  the  various  metals,  particularly  when  the 
sulphur  is  combined  with  iron.  This  explains  why 
unused  crucibles  crack. 

Most  excellent  props  for  the  jackets  can  be  made 
from  pieces  of  30-poimd  railroad  iron.  When  the 
furnaces  were  small  and  smelted  from  40  to  50  tons 
of  ore  a  day  these  props  were  unnecessary;  now, 
by  lengthening  the  furnace  and  by  rapid  smelting, 
something  is  needed  to  hold  the  jackets  in  align- 
ment. 

Hollow  walls,  to  prevent  radiation  of  heat  from 
the  crucible,  are  not  recommended.  The  crucible 
has  now  a  tendency  to  keep  too  hot, — so  hot,  in- 
deed, that  difficulty  is  experienced  in  constructing 
a  basin  that  will  hold  the  lead,  particularly  at  the 
bottom.  Provide  a  perforated  water-pipe  at  the 
bottom  of  the  crucible. 

.  Make  a  heavy  crucible  and  bind  it  securely. 
When  the  furnace  is  perfectly  dry  the  crucible 
should  be  filled  with  lead  in  the  manner  described 
in  the  chapter  on  "  Blowing- in." 
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THE   WATER-JACKETS. 

Water- jackets  4  to  6  feet  in  height  should  be 
made  of  cast-iron  sections  6  inches  thick  and  20 
wide.  They  should  be  set  up  one  at  a  time  on  the 
cast-iron  plates  that  cover  the  brickwork  of  the 
crucible;  the  jackets  will  snugly  fit  into  the  depres- 
sion in  the  plates.  When  all  except  the  two  front 
jackets  are  bolted  in  place  line  them  up.  There 
should  be  a  double  set  of  i^-inch  bolts  near  the 
bottom  and  top  for  holding  them;  there  should  also 
be  a  good- sized  oblong  hand-hole  at  the  bottom. 
Use  the  same  style  yoke  common  to  tubular  boilers 
provided  with  rubber  gaskets.  When  a  furnace  is 
blown  out  occasionally  remove  the  accumulated 
mud  and  scale.  The  handholes  sometimes  leak 
for  a  time  after  starting,  but  rarely  is  trouble  ex- 
perienced after  the  third  day.  The  tuyere  hole  is 
circular,  tapering  from  the  outside  to  inside.  The 
tuyere  hole,  accurately  turned,  should  be  in  the 
centre  of  the  jacket,  placed  12  inches  from  the 
bottom.  The  hole  should  be  3^  inches,  measured 
inside;  thickness  of  the  tuyere  point,  |  inch;  is 
circular,  with  sufficient  taper  to  prevent  dislodge- 
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ment  even  at  a  high  air  pressure.  A  little  above 
the  top  of  the  tuyere  hole  the  jacket  should  flare 
outwardly  with  a  batter  of  lo  inches. 

The  water-jacket  should  be  free  from  sharp  angles. 
The  extreme  top  should  have  a  distinct  batter  to- 
ward the  inside.  The  only  function  of  the  neck  is 
to  provide  a  small  quantity  of  water  higher  than 
the  top  of  the  jacket,  preventing  the  top  from  burn- 
ing. The  water  is  discharged  through  a  pipe  at  the 
neck  into  a  copper  water-trough,  strongly  reinforced 
on  both  sides.  Connect  all  the  jackets  with  each 
other  by  a  rubber  hose;  in  case  the  water  in  one 
jacket  gets  low  it  will  be  automatically  fed  from  the 
others.  The  shortest,  simplest,  and  lightest  tuyere, 
with  a  turned  cast-iron  point  fitting  squarely  into 
the  hole  in  the  jacket,  will  produce  the  best  results. 
Use  smooth  jackets  that  fit  closely  along  the  entire 
side.  A  scale  on  the  inside  is  quickly  formed,  and 
this  effectually  prevents  air  leakage  between  them. 
The  loss  of  air  is  a  matter  of  moment  and  should 
be  carefully  watched.  It  usually  is  traceable  to 
the  tuyeres.  Jackets  should  be  made  of  a  soft, 
tough,  fine-grained  pig-iron,  with  a  sufficient  ad- 
mixture of  silicon  pig-iron.     They  should  be  free 
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from  warp,  wind,  blow-holes,  sand-holes,  or  cracks. 
All  jackets  should  be  cleaned  out  and  tested  for 
leaks  before  leaving  the  foundry.  The  weight  of 
each  should  be  separately  recorded  when  delivered 
at  the  smeltery. 

Leaks  cannot  economically  be  stopped  while  the 
jackets  are  in  operation.  As  soon  as  discovered 
stop  the  furnace  and  insert  a  new  jacket.  They 
should  be  -/-g-  of  an  inch  thick.  Jackets  after  long 
use  absorb  silver.  The  actual  quantity  absorbed 
in  a  year  might  not  be  large,  yet  sufficient  to  justify 
smelting  the  side  that  comes  in  contact  with  -  the 
heat.  Old  matte,  slag-pots,  and  other  iron  that 
comes  in  contact  with  matte  also  absorb  silver. 

Jackets  are  likely  to  crack  or  bum  at  any  point. 
When  near  the  bottom  the  cause  may  be  traced  to 
the  fact  that  the  cores  have  not  been  cleaned  out, 
the  water  being  prevented  from  cooling  off  the  jacket 
at  that  point.  Muddy  water  often  deposits  silt, 
forming  a  crust  that  causes  the  jackets  to  bum  at 
the  bottom.  To  ascertain  whether  a  jacket  has  any- 
thing at  the  bottom  take  a  common  sulphur  match, 
hold  the  tipped  end  firmly  on  the  jacket  i  inch  from 
the  bottom  for  a  few  minutes  and  see  if  it  ignites. 
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Frequent  tests  will  enable  the  operator  to  deter- 
mine with  reasonable  accuracy  the  extent  of  the 
deposit.  When  this  trouble  is  aggravated  close 
down  the  furnace  and  clean  out  the  jackets  through 
the  handholes.  Some  jackets  have  a  tendency  to 
crack  around  the  inner  opening  of  the  tuyeres  be- 
cause thin  at  that  place.  Others  bum  about  2 
feet  above  the  top  of  the  tuyere;  this  is  due  to 
carelessness.  They  sometimes  bum  also  near  the 
top  from  lack  of  water.  Rarely  cracking  on  the 
outside.  Mark  the  jackets  with  a  raised  letter. 
Designate  the  middle  jackets  as  "C";  the  jacket  on 
the  left  corner  should  be  marked  "A";  the  back 
comer  jacket,  placed  diagonally  across,  is  also  called 
"A".  The  front  jacket  on  the  right  and  the  back 
diagonally  placed  jacket  should  be  designated  "  B  ". 
There  are  two  "A"  and  two  "B"  jackets  in  all 
rectangular  water- jacketed  furnaces.  The  "A" 
and  "B"  jackets  are  notched  at  the  bottom  to  re- 
ceive a  tap-jacket.  The  length  and  height  vary 
according  to  taste.  A  tap-jacket  1 2  inches  long  and 
8  inches  high  is  preferable.  The  hole  through  which 
t^e  matte  and  slag  issue  should  be  near  the  bottom. 
Beneath  it  the  jacket  should  be  solid.     These  tap- 
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jackets  are  provided  with  two  i-inch  holes,  placed 
in  the  upper  left  and  right  hand  comers,  for  water 
feed  and  discharge.  Simplicity  of  construction  is 
to  be  sought  in  water-jackets.  A  perforated  pipe 
will  cool  the  brickwork  in  front  of  the  tap-jacket 
and  prevent  oozing  of  lead  from  the  crucible,  owing 
to  the  heat  of  the  slag.  In  this  way  a  minimum 
quantity  of  water  is  used  at  exactly  the  right  place. 
Make  the  back  jackets  the  same  as  the  front.  The 
tap- jacket  hole  in  the  back  can  easily  be  bricked 
up.  In  starting  the  furnace  this  opening  is  useful 
for  various  purposes. 

It  is  impossible  to  have  greater  simplicity  than 
with  three  patterns  for  jackets.  No  change  in  any 
should  be  made  without  authority.  The  impor- 
tance of  being  able  to  remove  the  tap- jackets  quickly 
cannot  be  too  strongly  emphasized.  With  each 
successive  enlargement  of  the  furnace  the  blast 
pressure  is  increased.  Rapid  driving  necessarily 
enlarges  the  zone  of  fusion  and  corrosion  of  the 
brick  is  greater.  At  one  time  it  burnt  out  above 
the  jackets,  causing  the  blast  to  be  cut  and  the 
tuyeres  removed.  Finally  the  area  above  the  main 
jackets  was  entirely  filled  with  water-blocks.     This 
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plan  worked  well.  These  water-blocks  should  be 
14  inches  wide  and  30  inches  long;  each  block  is 
provided  with  a  hand-hold.  Have  a  3 -inch  feed- 
pipe with  a  special  valve  for  each.  When  properly 
equipped  there  is  no  trouble  with  this  part  of  the 
furnace.  The  water- jacketed  mantle  (caisson  or 
deck-plate)  is  one  of  the  most  important  improve- 
ments made  in  modem  lead-smelting.  It  supports 
the  superstructure,  serves  the  purpose  of  a  water- 
pipe  in  supplying  the  main  jackets,  takes  up  less 
room,  and  gives  the  entire  furnace  a  neat  appear- 
ance. Formerly  the  mantles  were  of  cast  iron, 
which  cracked  or  burnt  out.  To  obviate  the  diffi- 
culties they  finally  were  built  with  one  channel  iron 
and  two  "I"  beams,  riveting  over  these  a  sheet  of 
|-inch  steel  plate  to  the  top  and  bottom.  This 
produced  a  perfect  box,  with  one  "I"  beam  in  the 
centre;  this  did  not  extend  to  the  extreme  outer 
ends  and  allowed  the  water  to  circulate  on  both 
sides  of  the  centre  "I"  beam.  A  box  thus  built 
possessed  the  maximum  strength  and  lightness  and 
could  not  warp  or  burn  when  the  water  was  allowed 
to  circulate.  It  is  imperative  to  supply  the  bottom 
jackets  with  water.     The  mantles  rest  on  the  comer 
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supporting  columns,  with  a  raised  flange  to  prevent 
them  sHpping  off  and  are  connected  with  water- 
pipes  at  the  comers.  They  are  fed  with  two  4-inch 
pipes,  one  entering  the  front,  the  other  supplying 
the  sides.  Hand-holes  are  necessary.  Have  three 
vents  for  the  air  and  steam  that  accumulate  at  the 
top  of  each  mantle.  They  should  be  tested  at  150 
poimds  pressure  before  being  shipped  from  the 
foundry.  The  small  water-blocks  on  top  of  the 
main  jackets  may  be  dispensed  with  by  extending 
them  to  within  a  few  inches  of  the  mantle  plates. 
This  has  its  objections,  but  is  simpler  and  cheaper, 
and  materially  lessens  the  number  of  units  and  the 
quantity  of  water  required. 

The  water-blocks  should  be  run  cold,  but  the  bot- 
tom jackets  as  hot  as  possible.  The  bottom  is  al- 
ways hotter  than  the  top, — a  proper  condition,  par- 
ticularly at  the  tuyeres.  When  the  bottom  jackets 
are  run  cold  a  train  of  evils  follow,  chief  of  which 
is  the  production  of  cold  slag,  containing  much 
lead.  Anything  that  produces  metallurgical  losses 
should  be  avoided. 

For  remote  sections,  and  at  places  distant  from 
railroads  and  foundries,   jackets  of  wrought  iron, 
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steel,  or  various  kinds  of  sheet-metal,  are  preferable. 
Otherwise  cast-iron  jackets  are  advised,  because  of 
the  smaller  first  cost,  ease  in  handling,  and  facility 
for  quick  changes.  Jackets  of  mild  steel,  ham- 
mered steel,  and  phosphor-bronze  are  on  the  mar- 
ket. Solid  copper  has  recently  been  used  with  good 
results. 


THE    SUPERSTRUCTURE. 

All  brick  used  in  the  lower  part  of  the  structure 
should  be  the  best  hard-burned  fire-brick.  It  is 
customary  to  use  common  red  brick  for  the  outer 
walls,  but  second-grade  fire-brick  are  better.  Special 
pains  should  be  taken  to  fill  every  joint  full  of  mor- 
tar. The  practice  of  running  up  the  outer  walls  of 
a  furnace  like  those  of  a  building,  only  tipping  the 
outer  ends  with  a  little  mortar,  will  prove  disastrous. 
The  work  should  be  closely  scrutinized  as  it  pro- 
gresses. At  a  point  one  floor  above  the  mantels 
the  furnace  walls  should  have  a  thickness  of  3  feet; 
the  outer  walls  should  be  plumb;  the  inner  walls 
should  follow  a  line  running  from  the  top  of  the 
main  water-jacket  to  the  feed-door;   the  thickness 
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of  the  walls  at  the  feed-door  should  be  i8  inches. 
Make  the  entire  inner  lining  of  header  courses  9-inch 
fire-brick.  These  should  be  tied  to  the  outer  walls 
every  30  inches.  Do  not  have  air-channels  in  these 
walls,  nor  should  spalls  be  used  for  back  filling. 
Furnaces  are  liable  to  burn  out  at  any  point  above 
the  mantels,  penetrating  the  walls  at  least  2^  feet; 
sometimes  the  lower  part  of  the  wall  may  be  burnt 

through. 

The  comer  cast-iron  angle-braces  should  be  i|^ 
inches  thick,  each  side  18  inches  wide,  and  at  inter- 
vals of  every  1 2  inches  there  should  be  placed  heavy 
cast-iron  lugs  for  binding- rods,  i^  inches  in  diameter. 
In  the  centre  of  each  of  the  side-walls  there  should 
be  a  cast-iron  "T,"  i^  inches  thick,  with  a  wide 
bearing  against  the  wall,  and  a  centre  rib  6  to  8 
inches  wide.  The  rods  used  for  binding  rest  on  this 
rib  and  form  a  truss.  It  would  not  much  increase 
the  cost  to  encase  all  the  brickwork  with  cast-iron 
plates  above  the  mantels;  this  would  add  strength 
and  durability.  The  sill-plate  for  the  feed-door 
should  be  2  inches  thick  where  it  covers  the  top  of 
the  wall,  but  the  sides  may  be  i  inch.  In  the  centre 
and  top  of  the  sill-plate  there  is  cast  a  lug  to  hold 
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in  place  a  bar  of  65  pound  railroad  iron,  the  flat 
side  out  and  flush  with  the  outer  wall.  On  this 
there  are  short  rods  with  slotted  holes  to  hold  in 
place  the  movable  sheet-iron  doors  that  are  se- 
curely held  in  place  by  wrought-iron  wedges.  All 
plates  should  be  securely  held  with  strong  bolts. 
The  outside  of  the  ends  of  the  furnace,  above  the 
feed-door,  should  be  constructed  of  specially  hard 
brick.  Make  provision  for  the  top  longitudinal 
rod,  which  has  gradually  increased  in  size  from  i 
inch  to  a  full  2 -inch  rod.  A  heavy  wrought-iron 
washer  is  provided  for  this  rod.  For  the  furnace 
doors  there  is  left  an  opening  on  each  side  8X12 
feet.  There  is  scarcely  any  brickwork  left,  except 
the  two  upright  end  walls.  The  side  walls  are  joined 
by  a  cast-iron  lintel,  2  inches  thick,  re- enforced  by 
two  pieces  of  heavy  rail.  ° 

In  case  the  building  be  of  wood  covered  with 
sheet  iron,  extra  precautions  should  be  taken  to  pre- 
vent fires. 

The  smoke-pipe  is  6^  feet  in  diameter,  made  of 
No.  8  steel,  closely  riveted  and  provided  with  a 
strong  butterfly  damper,  placed  2  feet  above  the 
floor,  with  a  strong  square  stem.     This  damper  is 
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an  important  part  of  the  furnace;  the  handle  should 
be  provided  with  a  lock.  The  pipe  rises  vertically 
2  feet  above  the  cast-iron  stack-plate,  and  then  in- 
clines at  an  angle  of  37^°.  It  then  makes  a  sharp 
turn  downward  at  a  like  angle,  and  at  a  point  6 
feet  above  the  floor  it  should  drop  vertically  into 
the  top  of  the  brick  dust-chamber  with  a  large 
bootee.  Special  bands  should  be  provided  so  the 
pipe  will  rest  entirely  on  the  iron  floor.  Close  all 
the  pud-lock  holes  before  the  scaffolding  is  removed, 
clean  the  brickwork,  inside  and  out.  Paint  all  iron 
with  one  heavy  coating  of  graphite  paint. 

Test  the  water  on  all  water-jackets;  see  that  all 
pipes,  valves,  hose,  damper,  and  lead-well  are  in 
good  order,  and  when  the  last  rivet  on  the  pipe  has 
been  driven  start  a  fire  in  the  crucible,  gradually 
increasing  it  for  three  or  four  days.  The  width  at 
the  crucible  varies  30  to  50  inches;  the  length 
has  varied  from  60  to  160.  The  water-jackets  have 
had  a  tendency  toward  greater  bosh,  varying  from 
5  to  12  inches;  12  is  excessive,  10  is  better.  Unless 
the  ore  and  fuel  is  coarse,  42  inches  wide  at  the 
tuyeres  is  advised.  With  a  furnace  60X160  inches 
at  the  tuyeres  a  powerful  unit  is  created,  particularly 
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if  the  blast  is  furnished  by  four  compound  condens- 
ing blowing  engines  and  four  bag-houses.  Improve- 
ments in  construction  will  doubtless  continue  each 
year;  still  a  furnace  that  will  smelt  150  tons  of  ore 
each  24  hours  on  a  monthly  average  would  seem 
nearly  large  enough.  To  effect  greater  economy  it 
must  be  along  the  lines  of  dispensing  with  manual 
labor,  partially  or  entirely,  for  bringing  furnace 
material  and  taking  away  the  products.  The 
height  of  furnaces,  measured  from  the  centre  of  the 
tuyeres  to  the  top  of  the  ore  charge,  is  important. 
No  arbitrary  rule  can  safely  be  laid  down.  One  30 
feet  has  been  used,  but  a  height  of  17  feet  is  pre- 
ferred. 

Lead  ores  should  not  be  smelted  without  a  bag- 
house  for  filtering  the  fume;  and  the  matte  values 
that  escape  through  the  slag  should  be  collected 
with  an  improved  slag-settler.  Everything,  both 
at  the  top  end  and  bottom  of  the  furnace,  should 
be  saved. 
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THE    POWER    PLANT. 

From  a  six  months'  test  it  was  demonstrated  that 
the  cost  a  horse-power  a  year  was  $36.18.  This 
indicates  a  coal  consumption  of  3  pounds  to  the 
indicated  horse-power.  This  is  an  excellent  show- 
ing, considering  the  fuel  used — a  low-grade  slack. 

Managers  have  had  to  face  numerous  vexatious 
problems  relative  to  the  power  plant.  Not  the 
least  has  been  the  relative  economy  of  steam  and 
electricity.     A  case  in  point: 

Figures  were  prepared  with  references  to  the  in- 
troduction of  a  steam  plant  remote  from  the  smelt- 
ery, the  engine  to  be  operated  by  steam  from  the 
main  boilers,  iioo  feet  from  the  proposed  engine 
site.  At  the  same  time  calculations  were  made  for 
the  installation  of  a  complete  electric-power  station 
close  to  the  boilers. 

Figures  disclosed  the  fact  that  the  steam  plant 
would  cost  $4950,  the  electric-power  plant  $4815, 
or  a  saving  of  $135  in  favor  of  the  latter.  The  cost 
was  so  nearly  identical  that,  for  practical  purposes, 
it  was  immaterial  whether  the  engine  was  run  by 


BLAST-FURNACE.  73 

steam  at  the  new  plant  or  steam  close  to  the  boilers. 
The  question  then  resolved  itself  as  to  the  most 
desirable  location  for  the  future  needs  of  the  works, 
and  the  relative  efficiency  of  steam  and  electricity. 
Comparative  figures  obtained  from  qualified  steam 
engineers  are  appended.  The  efficiency  of  electric 
transmission,  based  on  guarantees,  will  be  81.5  per 
cent. ;  the  efficiency  of  steam  transmission,  60  per 
cent.  This  indicates  a  saving  of  21  per  cent.,  or, 
on  200  horse-power,  equal  to  42  horse-power,  by 
the  installation  of  the  electric  plant;  therefore  42 
horse-power,  at  $36.18,  would  amount  to  $1519.56 
a  year.  The  wages  of  an  engineer  and  helper  would 
swell  the  additional  cost  by  $1700  a  year,  if  steam 
were  used  near  the  plant.  Now  $1700  plus$i5i9.56 
gives  $3219.56,  the  saving  in  a  year  by  the  electric 
over  the  steam  plant.  It  was  also  calculated  that 
the  depreciation  of  the  electric  would  be  mate- 
rially less  than  that  on  the  steam  plant.  This 
and  other  considerations  favored  the  selection  of 
electricity  as  a  motive  power. 

To  obtain  a  broad  and  comprehensive  view  of  all 
the  different  types  of  engines  and  their  respective 


74 


LEAD-SMELTING. 


efficiency  a  variety  of  data  directly  bearing  on  the 
subject  has  been  collected  and  adjusted. 

A  Hamilton-Corliss  engine,  having  a  diameter  of 
20"  steam  cylinder  and  48"  stroke,  was  driving  two 
Baker  blowers  and  one  small  slag  hoist.  The  engine 
was  running  59  revolutions.  The  blast  pressure  was 
3  pounds.     From  indicator  card  Fig.  10  the  horse- 


FiG.  10. 


power  generated  was  150.  The  horse-power  of  this 
and  all  the  other  engines  was  accurately  determined 
and  the  cards  read  by  the  use  of  a  planometer. 

The  same  engine  was  indicated  when  the  blast 
pressure  was  2I  pounds,  the  horse-power  138.     Be- 
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cause  of  the  proximity  of  the  engine  to  the  boilers, 
an  assumption  that  the  loss  in  the  transmission  of 
steam  would  be  about  5  per  cent,  was  made.  On 
this  there  would  be  157.8  horse-power  generated  at 
the  boilers.  This  rated  200  horse-power  engine  had 
50  horse-power  in  reserve.  A  consideration  of  the 
card  itself  shows  it  to  be  fairly  good,  but  the  release 
on  one  end  could  be  a  little  earlier. 

The  Southwark   blowing   engine,  Fig.  11,  which 


Fig.  II. 

has  a  steam  cylinder  of  32"  diameter,  60"  stroke, 
and  an  air-tub  of  84",  was  running  50  revolutions 
at  a  pressure  of  3  pounds.  The  indicated  horse- 
power was  383.  Assuming  a  loss  of  8  per  cent,  in 
steam  transmission  the  horse-power  at  the  boilers 
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would  be  417.  The  indicator  card  taken  from  this 
engine  was  good,  and  the  vacuum  excellent  consid- 
ering the  altitude.  The  vacuum  as  registered  by 
the  gauge  was  2  2f  inches.  A  large  air-pump  for 
condensing  is  necessary  at  an  altitude  of  5000  feet. 
The  card  shows  the  engine  was  overloaded,  and  at 
rare  intervals  it  is  necessary  to  run  the  engine  at  a 
revolution  greater  than  50,  and  occasionally  up  to 
60,  yet  it  is  not  believed  it  would  be  wise  to  run  60 
permanently.  The  question  would  naturally  arise, 
How  can  the  efficiency  of  this  particular  engine 
be  increased?  Two  ways  are  apparent.  First,  in- 
crease the  resistance  of  the  air  passing  through  the 
furnaces — which  resistance  would  be  greater  if 
they  were  higher;  or,  second,  increase  the  size  of 
the  air-tub.  The  engine  could  be  worked  in  con- 
nection with  another  compounding  it,  making  this 
the  high-  and  the  other  the  low-pressure  engine. 
This  would  be  more  economical.  It  was  made  for 
a  high-pressure  blowing  engine,  with  a  maximum 
of  12  pounds.  It  was  run  without  a  governor.  The 
repairs  were  slight,  and  there  was  no  trouble  in 
running. 

The  Brown  engine,  Fig.  1 2 ,  at  the  bag-house,  with 
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a  steam  cylinder  of  22  inches  diameter,  stroke  48 
inches,  50  revolutions,  driving  one  lo-foot  Sturte- 
vant  exhaust  fan  and  one  No.  5  Root  blower,  also 


Fig.  12. 


one  dynamo  (Edison,  No.  6,  current  200   amperes, 
115  volts),  showed  a  horse-power  of  174. 

The  various  indicator-cards  show  1 146.6  as  the 
total  plant  horse-power:  that  developed  by  the 
boilers,  1268;  loss  by  radiation  and  condensation, 
1 2 1. 4.  Considering  the  distance  and  the  multiplic- 
ity of  pipes,  this  is  not  excessive,  and  is  due  to  careful 
steam  covering  and  other  appliances  for  preventing 
radiation.     The  horse-power  lost  by  radiation  could 
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possibly  be  placed  at  $1300  a  year;  exclusive  of 
labor  and  including  only  the  net  coal  loss. 

Attention  has  often  been  directed  to  the  impor- 
tance of  a  union  of  all  the  exhaust  steam  about  in- 
dustrial plants  by  the  use  of  a  central  condenser. 

It  would  be  well  to  make  frequent  tests  of  all 
boilers  for  efficiency.  In  the  use  of  both  modern 
water- tube  and  old-fashion  tubular  boilers  a  series 
of  tests  demonstrated  that  the  latter,  when  properly 
made  and  set,  was  27  per  cent,  more  efficient. 

TOOLS   AND    IMPLEMENTS. 

Provide  each  furnace  with  a  large  anvil. 

The  tapping-bar  is  an  important  tool.  It  is  made 
of  f -inch  octagon  mild  steel,  varying  in  length  from 
8  to  14  feet.  It  formerly  was  made  either  with  a 
round  or  octagon  head,  but  later  the  head  was 
omitted.  When  a  bar  becomes  fastened  in  the  tap- 
hole  the  head  is  spanned  with  a  tool  having  a  cir- 
cular head  and  an  eliptical  hole,  and  into  this, 
above  the  bar,  is  inserted  a  wrought-iron  wedge; 
by  striking  it  the  bar  generally  is  quickly  removed. 
The    rods    used    for    stopping    the    flow    of    lead, 


BLAST-FURN.4CE.  79 

matte,  and  slag  are  5  to  i6  feet  long.  The  end  is 
circular,  2^  to  T,k  inches,  and  solid  for  a  foot, 
welded  to  a  |-inch  pipe;  at  the  other  end  is  a 
circular  handle  welded  to  the  |-inch  pipe.  A  light, 
rigid  tool  is  thus  secured.  A  variety  of  f-inch 
round  iron  rods  are  used  at  the  front  of  the 
furnace.  Coke  rods  are  used  for  starting  the  flow 
of  matte  and  slag. 

Provide  every  furnace  with  heavy  warehouse 
brooms,  having  rattan  centres  specially  made. 

Tough,  plastic,  yellow  clay  is  used  for  stopping 
the  flow  of  slag  and  matte.  It  should  be  free  from 
sand  or  pebbles.  It  is  advisable  to  keep  a  supply 
for  use  in  cold  or  rainy  weather. 

Use  around  the  lead-well  a  short  pointed  steel 
bar,  f-inch  octagon,  5  feet  long;  a  perforated  skim- 
ming-disk, and  a  wooden  hoe-like  device  for  mani- 
pulating the  copper  crust. 

The  hole  at  the  bottom  of  the  raised  lead-well  is 
opened  with  a  pointed  bar;  the  lead  comes  out  hot 
and  smoking;  after  passing  through  a  short  spout 
it  flows  into  a  cast-iron  tray,  10  inches  deep,  30 
inches  wide,  and  about  4  feet  long;  from  this  the 
skimmings  are  removed  with  a  perforated  disc  and 
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dropped  into  a  perforated  wheelbarrow.  The  crust 
is  cut  with  a  garden  spade  into  convenient  pieces  in 
the  barrow  while  hot. 

When  the  bullion  has  been  skimmed  it  is  tapped 
from  the  tray  into  loo-pound  moulds,  the  com- 
pany's brand  on  the  bottom.  Twenty  bars  are 
cast  at  a  time.  The  moulds  are  placed  on  an  iron 
carriage  resting  on  wheels  and  running  on  a  track. 
The  bullion  usually  is  cooled  with  water ;  the  moulds 
upset  and  placed  on  another  carriage.  It  then 
goes  to  the  bullion-house,  is  weighed,  sampled,  num- 
bered, and  loaded. 

A  convenient  tool-house  is  an  essential  adjunct. 
In  this  should  be  kept  an  ample  supply  of  tapping- 
bars,  "  coke  rods,"  bullion  moulds,  tuyere  cloths, 
tuyeres,  jackets  of  all  kinds,  fire-brick,  and  marl. 

At  each  corner  of  the  furnace  provide  water-hose 
for  sprinkling  and  other  purposes. 

Distances  between  the  furnaces  should  not  be  less 
than  25  to  30  feet.  No  greater  errors  have  been 
committed  than  the  crowding  of  furnaces. 

Around  all  the  furnaces  3X5  feet  iron  plates 
li-inches  thick  should  be  laid  closely  together  on 
a  2 -inch  bed  of  screened  sand. 
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Each  furnace  should  be  provided  with  a  matte- 
box  of  loo  to  150  cubic  feet,  the  bottom  is  cast  in 
a  soHd  piece,  Hke  a  pan,  8  inches  deep.  A  recess 
should  be  cast  on  the  sides  of  this  pan  for  the  side 
and  end  pieces.  The  four  sides,  forming  a  box,  are 
securely  bound  together  with  longitudinal  and 
transverse  rods.  No  cover  is  needed,  as  the  slag 
cover  is  sufficient.  The  box  rests  on  two  trucks, 
the  wheels  having  broad  flanges.  Freedom  of 
motion  is  secured  by  using  swivels.  The  railway 
track  should  be  so  laid  as  to  throw  the  end  away 
from  the  tapper. 

The  slag  enters  the  left-hand  comer  of  the  box. 
The  slag-spout  should  be  12  inches  wide,  and  shal- 
low. The  tap-hole  for  the  matte  is  in  the  side-plate, 
but  sufficiently  high  to  admit  a  spout,  narrowed  and 
semicircled  at  the  matte-hole,  but  flaring  outward 
therefrom,  and  having  a  sharp  incline,  the  outer 
edge  much  thicker. 

A  space  of  at  least  1 5  feet  should  be  kept  between 
the  furnace  and  the  dust  chamber  for  convenience 
in  removing  flue-dust  and  bullion. 

A  gauge  is  needed  only  at  the   blowing-engine, 
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except  for  special  runs,  say  when  smelting  old  slag, 
or  during  an  antimony  or  copper  run. 

The  quantity  of  air  entering  the  furnace  is  of 
prime  importance,  but  the  pressure  required  to  se- 
cure it  is  secondary.  The  pressure  latterly  has 
been  greatly  increased  by  the  predominance  of  ores 
finer  in  size. 

The  main  blast-pipe,  5  feet  diameter,  should  be 
No.  8  sheet  steel,  closely  riveted,  firmly  hung,  and 
free  from  angles. 

Each  furnace  has  its  own  air- valve.  The  handle 
should  give  proper  headroom.  Only  the  most  ap- 
proved valve  should  be  employed.  The  bustle-pipe 
should  be  2  feet  in  diameter. 

The  upper  edges  of  the  8-inch  wrought-iron  tuyere 
pipe  should  be  well  rounded  to  allow  the  cloth  to 
be  easily  attached,  the  cloth  24  inches  long,  ex- 
tending over  the  pipe  4  inches.  Trouble  with  the 
tuyere  cloth  increases  with  the  pressure.  A  heavy, 
seamless,  cotton  hose,  lined  with  rubber,  meets 
every  requirement.  When  a  standard  size  has  been 
adopted  it  should  not  be  changed.  The  tuyeres 
should  be  as  short  and  light  as  possible,  and  the 
points  should  be  cast-iron,  but  very  short ;  bring  the 
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peep-hole,  if  inches  in  diameter,  close  to  the  jacket, 
and  use  a  circular,  soft,  pine  plug,  through  which  has 
been  bored  a  |-inch  circular  hole ;  close  this  with  cot- 
ton waste  or  paper  before  inserting  the  plug.  Have 
the  rods  mill-turned  and  saw  them  into  3i-inch 
pieces.  The  end  of  the  plug  should  be  "s wedged" 
down,  so  it  can  easily  be  inserted  in  the  tuyere 
opening.  The  tuyere  should  be  made  in  three  parts 
— cast-iron  point,  sheet-iron  pipe,  and  wrought  end. 
The  tuyere  point  is  turned  to  fit  snugly  into  the 
turned  hole  of  the  water-jacket.  It  should  be  so 
designed  that  when  slag  enters  the  tuyere  there  will 
be  a  slight  outward  pitch.  The  end  of  the  peep- 
hole should  be  thickened  to  resist  a  sharp  rap,  even 
from  a  sledge  hammer.  Leakages  around  the  tuyere 
and  the  water-jackets  are  a  source  of  vexation  and 
expense. 

The  tendency  of  the  main  delivery  pipe  to  vibrate 
may  be  checked  by  rigid  bracing.  The  bustle-pipe 
should  be  securely  attached  to  the  furnace.  The 
vibration  is  due  not  alone  to  the  high  pressure  of 
the  blast,  but  to  the  pulsations  of  the  blowing-en- 
gines. There  are  a  number  of  approved  blowers 
that  may  be  used  on  small  and  old-fashioned  fur- 
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naces.    Blowing-engines  should  be  used  for  smelting 
lead  ores  by  blast  furnaces  at  all  modem  plants. 

The  feed  floor  should  be  covered  with  ^-inch 
steel  plates  with  countersunk  rivets.  Where  it 
joins  the  furnace,  rivet  large  angle  irons  to  prevent 
ore  or  water  passing.  Have  it  extend  under  the 
sill-plate.  Along  the  front  of  the  furnace,  but  on 
che  feed  floor,  run  an  1 8-inch  gauge  track,  elevated 
3  feet,  for  bringing  to  the  furnace  the  fuel,  fluxes, 
and  side  ores.  iPormerly  the  ore  was  brought  to 
the  furnaces  in  wheelbarrows,  but  these  have  to 
some  extent  been  superseded  by  charge-barrows, 
similar  to  those  at  iron  blast-furnaces.  This  is  im- 
practicable except  where  there  is  a  depression  in 
the  floor  near  the  furnaces.  A  better  device  is  a 
U-shaped  ore-cart,  with  wooden  wheels  4  feet  in 
diameter,  the  spokes  and  rim  of  wood,  the  hub  of 
iron,  with  a  wheel  such  as  is  used  in  a  light  express 
wagon,  and  a  half-round  tire.  The  axle,  if -inch 
square,  runs  entirely  through  the  bed.  An  ordinary 
carriage  axle  will  serve  the  purpose.  The  vehicle 
runs  and  dumps  easily  on  a  level  floor.  With  it 
1200  pounds  of  material  can  be  moved  by  one  man 
close  to  the  furnace  door.     Limestone  cars  should 
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be  constructed  to  permit  large  pieces  to  drop  from 
the  incline  bottom  by  opening  of  a  hinged  door. 
For  handling  coke  a  side-dumping  car  of  800 
pounds  capacity  may  be  used.  The  cars  used  in 
handling  iron  flux  and  side  ores  have  steadily  grown 
in  size.  They  are  of  the  big  scoop  type  so  com- 
monly used  in  mining. 

All  plant  tracks  should  be  made  of  30-pound 
rails. 

The  feeding  shovels  have  long  handles  and  square 
points.  There  is  also  a  square-pointed,  broad- 
bladed  shovel  used  for  throwing  coke  into  the  fur- 
nace. The  use  of  forks  for  this  or  for  unloading 
coke  is  not  advised. 

Limestone  should  be  fed  in  large  lumps. 

The  furnace  is  barred  from  time  to  time  with  i^- 
inch  octagon  steel  bars;  the  lo-pound  hammers  are 
double-faced,  with  hickory  handles,  secured  by  long, 
tapering,  wrought-iron  wedges. 

Each  furnace  should  be  supplied  with  a  separate 
8-beam  charging  scale.  This  should  be  set  level 
with  the  floor,  constructed  so  the  foundation  is  free 
from  vibration.  The  scales  should  be  tested  every 
shift  and  be  kept  perfectly  clean.      The  platform 
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can  easily  be  taken  up.  The  room  beneath  should 
be  ample  for  the  accumulation  of  ores.  The  ball- 
bearings of  the  scale  mentioned  give  a  free  swing  of 
the  platform. 

There  should  be  provided  a  suitable  tool-box  for 
the  feed  floor ;  also  provide  a  place  in  which  to  keep 
talley-books  and  furnace-blanks. 

Back  of  the  smokestack  there  should  be  a  free 
passage  of  7  feet — in  this,  set  the  scales,  and  back  of 
them  place  two  ore  beds.  These  should  be  at  least 
100  feet  from  the  nearest  railroad  track.  Construct 
three  lines  of  broad-gauged  tracks  for  the  blast- 
furnace department.  Back  of  the  ore  beds  place 
the  sampling  works,  and  near  them  the  roasters. 

BLOWING   IN. 

Changes  are  constantly  occurring  in  the  methods 
of  starting  lead  blast-furnaces.  The  one  here  de- 
scribed has  been  subjected  to  the  fullest  test. 

Kindle  a  cordwood  fire  in  the  crucible  and  gradu- 
ally increase  the  fuel  until  full.  When  the  crucible 
is  dried  out  and  the  plates  are  so  warm  that  one 
can   scarcely  bear   the   hand  on   them,  and  steam 
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arises  from  the  crucible,  there  is  then  melted  enough 
lead  to  cover  the  lead-well  opening.  Generally,  in 
starting  an  entirely  new  furnace,  it  is  best  to  use 
lead  free  from  silver.  Remove  all  unburnt  wood, 
care  being  taken  not  to  leave  a  single  spark.  In- 
sert the  tap-jacket  and  lute  up  with  moist  clay 
all  tuyere  openings.  Charge  from  the  top  of  the 
furnace  a  cord  of  wood,  throwing  it  lengthwise. 
On  this  place  from  4000  to  6000  pounds  of  coke. 
In  uniform  layers  insert  20  to  28  charges,  con- 
sisting of  1200  pounds  blast-furnace  slag,  150 
pounds  iron  flux,  200  pounds  coke.  It  is  un- 
necessary to  kindle  a  fire  in  all  the  tuyere  open- 
ings. The  tuyeres  are  now  firmly  inserted  and  a 
very  small  blast  turned  on.  Care  should  be  exer- 
cised to  run  the  furnace  with  a  6-  or  8 -ounce  blast 
for  two  or  three  hours. 

Soon  after  turning  on  the  blast  begin  with  the 
regular  ore  charges.  Add  enough  iron  flux  to  make 
a  thin  slag;  the  quantity,  of  course,  will  depend  on 
the  character  of  slag  used.  It  is  best  not  to  run 
for  the  first  few  shifts  on  a  silicious  slag,  nor  speed 
the  furnace. 

When  the  furnace  settles  down  to  good  work  the 
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blast  is  increased  and  held  at  48  ounces  pressure, 
and  often  with  ores  fine  in  size  64  ounces  is  neces- 
sary. 

CALCULATION   OF   CHARGES. 

The  calculation  of  charges  for  blast-furnaces  is 
more  a  business  than  a  scientific  problem.  It  re- 
solves itself  simply  to  this,  How  can  ores  be 
smelted  to  produce  the  greatest  revenue? 

The  laws  of  chemistry,  as  well  as  certain  metallur- 
gical conditions,  must  be  respected,  but  the  business 
features  should  not  be  lost  sight  of.  It  will  be  as- 
stmied  the  smeltery  is  a  modem  plant  and  the  cus- 
tom is  to  bed  the  ores.  These  should  be  prepared 
with  care,  to  the  end  that  the  ores  be  uniformly 
spread  and  that  certain  necessary  conditions  be 
observed : 

A.  The  percentage  of  silica  should  be  greater 
than  the  combined  percentage  of  iron  and  man- 
ganese. 

B.  Place  on  the  beds  as  much  gold  and  silver 
ore  as  possible,  to  save  interest. 

C.  Avoid  an  excess  of  any  one  element,  such  as 
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calcium,  barium,  magnesium,  aluminum,  and  par- 
ticulariy  zinc. 

D.  The  bed  should  not  be  deeper  than  5 
feet. 

E.  Lead  should  not  be  wasted  on  the  ore  mix- 
tures; 8  to  15  per  cent,  is  desired. 

Take  a  sample  36  hours  before  the  bed  is  com- 
pleted. After  the  furnaces  have  been  smelting  a 
certain  bed  of  ore  for  a  short  time  it  is  well  to  take 
other  samples.  Bed  sampling  should  take  prece- 
dence over  everything  else.  The  reason  is  ob- 
vious. 

The  chemist  determines  the  percentages:  silica, 
iron,  manganese,  lime,  baryta,  sulphur,  and  zinc. 
Longer  time  is  required  for  the  magnesia  and 
alumina  determination. 

The  quantity  of  roasted  material  does  not  widely 
vary  from  day  to  day,  but  whatever  is  made  should 
be  smelted  daily,  to  minimize  the  labor  required  to 
store  it.  The  quantity  of  roasted  ore  varies  on  the 
charge,  according  to  the  speed  of  the  furnaces. 
Changes  must,  therefore,  constantly  be  made  in 
the  charge.  Use  as  much  bed  mixture  as  possible 
on  the  charge.     Ascertain  before  figuring  a  charge 
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how  much  roasted  ore  and  how  much  bed  mixture 
can  be  safely  used.  Years  of  experience  teach  that 
the  total  charge  of  ore  should  be  about  1 1  oo  pounds, 
and  that  as  little  barren  lime  and  iron  flux  be  used 
as  possible.  Use  300  pounds  slag  on  iioo  pounds 
of  ore  mixture  to  keep  the  dump  clean.  The  fuel 
(coke)  should  be  as  low  as  possible.  This  varies 
from  13  to  14  per  cent.,  according  to  circumstances. 
The  percentage  of  coke  should  be  figured  on  the 
sum  total  of  the  ores  and  fluxes.  On  a  charge 
of  IIOO  pounds  the  coke  approximates  200 
pounds. 

The  silica  should  vary  from  30  to  35  per  cent.; 
the  iron  and  manganese,  23  to  27  per  cent.;  the 
alkaline  earths,  18  to  22  per  cent.;  the  zinc,  2  to  6 
per  cent. ;  the  alumina,  4  to  8  per  cent. 

The  composition  of  lead  slag  is  thus  reduced  to 
narrow  limits.  Taking  the  mean  of  the  figures  as 
a  basis  of  calculation,  there  is  obtained:  32  per 
cent,  silica;  25  per  cent.  Fe  +  Mn;  20  per  cent. 
CaO,  BaO,  MgO;  4  per  cent.  Zn;  6  per  cent. 
Al,03. 

It  is  possible  to  produce  a  slag  with  exactly  32 
per  cent,  silica;  yet,  should  the  calculation  show  a 
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fractional  variation,  it  would  not  be  wise  to  change 
the  charge. 

The  iron  and  manganese,  for  convenience,  is 
figured  in  metallic  percentage.  Chemistry  teaches 
that  these  elements  enter  the  slag  mainly  as  pro- 
toxides. 

It  has  been  stated  there  should  be  20  per  cent, 
lime,  but  it  is  not  meant  to  add  together  the 
percentages  CaO,  BaO,  MgO,  but  using  CaO 
as  a  basis,  multiply  BaO  by  .35  and  the  MgO 
by  1.4. 

The  zinc  in  the  slag  cannot  always  be  controlled, 
nor  need  particular  attention  be  paid  to  its  pres- 
ence until  it  runs  over  6  per  cent. ;  then  reduce  it 
by  adding  some  pure  ore  to  the  charge.  Slags  con- 
taining 15  per  cent.  Zn  have  been  made,  but  are 
not  advised. 

The  percentage  of  alumina  in  the  slag  cannot  al- 
ways be  controlled,  but  this  is  not  important. 

The  printed  form  successfully  used  for  a  number 
of  years  follows: 

Record  on  the  form  the  figures  representing  the 
chemical  composition  of  the  materials  to  be  smelted. 
It  is  ascertained  that    i  "jo  pounds  of  roasted  ore, 
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for  example,  can  safely  be  used ;  record  the  analysis 
of  this  in  the  lines  prepared  for  it. 

The  quantity  of  bed  ore  used  to  a  iioo  pound 
charge  varies  from  450  to  650  pounds.  For  com- 
mercial reasons  try,  first,  to  use  the  maximum  quan- 
tity— 650  pounds.  Multiply  the  net  weight,  624, 
by  the  percentages  of  composition  of  this  bed.  Place 
the  totals  in  the  spaces  provided. 

Multiply  150  by  the  percentages  found  in  the 
roasted  ore.  The  charge  can  be  made  more  profit- 
able by  dispensing  with  limestone  and  using  a  lime 
ore.  Ascertain  how  much  of  this  can  be  used  from 
the  stock  on  hand,  then  complete  the  calculation. 

Merely  as  a  trial  figure,  200  pounds  iron  flux  is 
set  down;  multiply  the  net  weight  by  the  given 
percentages,  and  add  the  pounds  of  SiOj,  Fe,  Mn, 
CaO,  BaO,  MgO,  sulphur,  zinc,  lead,  and  alumina. 

The  last  analysis  of  the  slag  is  taken.  For  the 
100  pounds  of  ore  mixture  there  is  used  200  pounds 
of  coke,  containing  ash,  17  per  cent.,  or  34  pounds 
in  the  200;  but  60  per  cent,  of  this  ash  is  silica,  as 
found  by  analysis;  hence,  34 X. 60  =  20. 4  pounds 
silica.  But  there  is  a  small  quantity  of  iron  and 
alkalies    in   this    ash,    and    18    is    the    calculated 


BLAST-FURNACE.  95 

quantity  of  silica  not  fluxed.  Then  again  add 
the  columns. 

Practically  all  the  silica  will  pass  into  the  slag. 
All  of  the  iron  will  not,  since  a  part  will  unite  with 
sulphur,  forming  matte.  Some  of  the  iron  passes 
into  the  slag,  forming  calcium  sulphide.  Some  re- 
mains in  the  furnace,  forming  accretions.  Some 
forms  fume.  Two-thirds  of  the  sulphur  enters  the 
matte.  Deduct  two-thirds  of  the  sulphur  from 
the  iron. 

Practically  all  of  the  alkaline  earths  enter  the  slag 
as  such.  Of  the  zinc,  20  per  cent,  goes  into  the 
fume,  some  into  the  hangings,  some  into  the  matte, 
and  the  balance,  or  80  per  cent.,  enters  the  slag. 

Many  years  of  recorded  experience  developed  these 
facts.  It  is  not  a  thing  that  can  be  figured,  but  a  fact 
demonstrated  by  observation  and  based  on  careful 
weights.  Substantially  all  the  alumina  enters  the 
slag  as  such. 

A  resume  of  the  slag-forming  constituents  shows: 
SiO^,  278.5;  FeO  +  MnO,  286.4;  ZnO,  36.1;  CaO  + 
BaO  +  MgO,  192.4;  AI2O3,  73.6;  total,  867  pounds. 
There  are  also  small  quantities  of  other  slag-forming 
constituents,  including  copper,  phosphorus,  potash, 
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etc.  These  amount  to  about  13  pounds  on  a  charge 
of  1 100.  This  is  ascertained  in  several  ways.  The 
safest  rule  is  to  observe  the  difference  between  the 
slag  figured  on  and  that  actually  produced.  Add 
this  13  to  867,  obtaining  880,  which  is  the  factor  for 
ca,lculating  the  slag. 

Divide  the  pounds  of  silica,  iron,  lime,  zinc,  and 
alumina  by  880,  and  multiply  the  products  by  100, 
giving:  31.6  percent.  SiOj)  25.3  per  cent.  Fe  +  Mn; 
20.8  per  cent.  CaO  +  BaO  +  MgO;  3.2  per  cent.  Zn; 
8.3  per  cent.  AI2O3.  The  figures  indicate  this  to  be 
a  good  charge.  However,  it  falls  far  short  of  being 
such.  It  contains  too  much  fine  ore  (particles 
small)  for  the  use  of  so  much  bed,  meaning  loss  of 
tonnage.  The  bed  contains  6  per  cent,  sulphur, 
which  would  make  the  matte  production  too  large. 
Again,  consider  that  the  bed  contains  18  per  cent, 
lead — an  expensive  luxury.  The  bullion  would  be 
too  low  grade  for  so  much  lead.  The  excess  of 
alumina  would  cause  the  furnaces  to  smelt  slow. 
Experience  teaches  that  8.3  per  cent,  alumina  is  too 
high  for  speed. 

The  quantity  of  slag-forming  material  in  the 
charge  is  somewhat  below  the  average.     The  rem- 
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edy  is  to  cut  the  bed,  raise  the  lime  dump  (since 
this  is  coarse  ore),  and  add  40  to  80  pounds  pure 
silicious  ore.  Put  this  altered  charge  on  the  fur- 
nace, as  it  meets  commercial  and  metallurgical 
requirements,  and  when  it  has  run  a  few  hours  take 
a  laboratory  sample  and  make  an  analysis  for 
SiO^,  Fe,  Mn,  BaO,  CaO,  MgO,  Zn,  and  Al^Og. 
The  results  usually  agree  closely  with  the  slag  pro- 
duced. 

If  the  iron  flux  is  expensive,  lessen  it  after  a  few 
hours'  run.  A  determination  of  the  silica,  iron,  and 
lime  will  enable  the  operator  to  balance  the  charge, 
but  it  will  be  only  after  years  of  close  observation 
that  the  metallurgist  can  approximate  the  compo- 
sition of  slag  by  its  appearance  when  hot.  Rarely 
is  a  charge  made  that  may  not  with  profit  be  altered. 
Changes  usually  are  in  the  direction  of  improve- 
ment, viewed  either  from  a  commercial  or  a  scien- 
tific standpoint.  The  charge  on  a  new  smelting 
mixture  should  have  the  silica  high  and  the  lime 
low.  The  safe  side  should  always  be  taken.  The 
cintered  ore  and  other  constituents  are  apt  sud- 
denly to  change  in  composition.  Unless  entirely 
satisfied  that  the  data  is  correct  have  additional 


98  LEAD  SMELTING. 

analyses  made.  Analyze  the  cintered  ore  several 
times  a  week.  The  office  books  are  presumed  to 
give  accurate  information  regarding  silica  and  iron 
dumps,  but  their  disclosures  should  not  blindly  be 
accepted,  owing  to  the  irregularities  of  the  dumps. 
From  the  face  of  the  dumps  and  ore  beds  take 
check  samples. 

Once  a  week  test  the  limestone  for  silica,  iron, 
and  alumina.  Also  as  frequently  take  a  sample  of 
the  coke  and  make  an  ash  determination,  occasion- 
ally analyzing  the  ash  for  silica,  iron,  and  alumina, 
especially  if  different  grades  of  coke  be  used. 

To  summarize:  make  a  preliminary  calculation 
as  to  what  is  likely  to  produce  the  best  financial 
results;  then  alter  the  test  charge  to  conform  with 
known  chemical  and  metallurgical  facts. 

DAILY   REPORTS. 

A  complete  record  should  be  made  of  every  fur- 
nace every  twelve  hours.  The  day  shift  should  be 
from  6  A.M.  to  6  p.m.  ;  the  night  shift  from  6  p.m.  to 
6  A.M.  Drafts  of  the  forms  to  be  used  should  be 
made  by  the  superintendent  and  metallurgist,  care 
being  taken  to  provide  for  the  preservation  of  every 
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physical,  mechanical,  chemical,  and  metallurgical 
fact  developed  in  the  operations.  The  reports  may- 
be classed  thus:  blast-furnace  reports,  roaster  re- 
ports, refinery  reports,  parting-plant  reports.  A 
variety  of  other  reports  are  daily  used,  but  these 
need  not  be  enumerated.  Enter  the  regular  blast- 
furnace charge  in  a  small  blank-book,  preserving 
imiformity  throughout  the  records.  Appended  is 
a  sample  entry: 

600  pounds  bed  ore, 

250  pounds  cintered  ore, 

30  pounds  silicious  ore, 

220  pounds  iron  flux. 


1 100 

120  pounds  limestone, 

300  poimds  slag, 

200  pounds  coke. 

Immediately  below  the  charge  state  whether  any 
furnace  is  to  be  blown  in  or  out,  and  whether  there 
be  any  side  ores,  together  with  all  other  necessary 
instructions. 

Personally  hand  the  charge  to  the  foreman,  read  it 
over  to  him  carefully,  and  have  him  read  it  aloud  to 
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the  metallurgist,   that  he  may  comprehend   precisely 

what  is  required.     All  the  transactions  should  be 
embodied  in  the  daily  reports. 

When  a  new  department  is  added  to  a  plant  one 
of  the  first  things  to  be  considered  is  the  form  of 
reports.  Explicit  directions  for  printing  and  ruling 
each  form  need  not  here  be  given.  Experience  is 
the  best  teacher. 

Reports  should  not  only  be  carefully  preserved, 
but  frequently  consulted  and  compared  with  re- 
sults of  subsequent  operations.  A  repetition  of 
former  mistakes  may  thus  oftentimes  be  avoided. 

A  prime  essential  is  a  supply  order-book,  in 
original  and  duplicate,  with  corresponding  numbers, 
and  perforated.  The  stub,  approved  by  some  one 
in  authority,  constitutes  the  purchasing  agent's 
voucher. 

The  thrift  of  an  industrial  plant  can  safely  be 
judged  by  a  careful  examination  of  the  daily  report 
blanks. 
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.       SUPERVISION   AND    OPERATION. 

Remarks  that  follow  apply  generally,  and  in 
some  instances  specifically,  to  the  handling  of  the 
lead  blast-furnace  after  it  has  been  successfully 
blown  in. 

Run  the  jackets  at  all  times  hot,  watching  them 
with  much  care  the  first  few  days.  Punching  the 
tuyeres  too  often  leads  to  long  noses.  They  should 
be  opened  only  once  a  shift,  to  the  end  that  the 
fumaceman  who  comes  on  duty  gets  an  idea  of  the 
conditions  that  have  obtained.  It  is  proper  that 
the  men  on  duty  at  change  of  shifts  should  advise 
their  relief  how  the  furnace  has  run,  what  jackets 
are  cold,  and  when  the  matte -box  was  changed, 
with  information  as  to  the  slag — whether  hot, 
brittle,  curdy,  tough,  or  stringy — and  whether  the 
slag  tapped  easily.  Quick  and  reasonably  accurate 
ideas  about  troubles  can  be  formed,  but  before 
changing  the  charge  it  is  always  well  to  observe  the 
shells  of  the  slag  which  have  recently  been  dumped. 
From  the  liquid  and  the  partially  solidified  slag  the 
operator  will  be  able  to  make  a  quick  change  in  the 
charge,  saving  time,  trouble,  and  much  money.     As 
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a  check,  however,  an  analysis  should  be  made  as 
quickly  as  possible. 

The  coke  car  should  hold  four  charges  of  200 
pounds  each.  This  is  dumped  in  a  bin  from  an 
elevated  track  on  each  side  of  the  furnace;  close  to 
the  coke  bin  the  lime  bins  are  placed,  there  being 
one  on  each  side  of  the  furnace.  The  limestone  is 
dropped  from  a  car  running  on  the  same  track 
used  for  coke.  This  may  also  be  used  to  bring  to 
the  furnaces  iron  flux,  scrap-iron,  and  side  ores 
from  the  various  dumps.  The  ore  charge  usually 
is  about  1 100  pounds;  the  limestone  will  vary  from 
nothing  up  to  250  pounds  according  to  the  purity 
of  the  ores,  and  whether  they  contain  alkaline 
earths.  Hold  the  quantity  of  slag  at  some  fixed 
point,  giving  preference  to  300  pounds.  The  coke 
also  should  be  nearly  a  fixed  quantity,  using  about 
200  pounds.  This  will  necessarily  vary  at  times,  but 
it  is  better  practice  to  vary  the  amount  of  ore  than 
to  change  the  coke.  Frequently  the  charge  will 
be  nicely  balanced  and  the  slag  have  the  right 
chemical  composition;  yet  it  may  be  a  trifle  too 
cold,  or  fine  ore  may  sift  down,  giving  rise  t-o 
trouble   when   tapping.     In   the   spout   lumpy   ore 
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may  sometimes  be  observed,  and  the  matte-box 
filling  with  fine  ore.  In  such  cases  the  trouble  may  be 
corrected  by  feeding  extra  coke,  say  three  cars,  extra 
to  the  shift.  Where  there  is  a  persistent  tendency 
toward  shifting,  it  is  well  to  state  on  the  charge- 
book  that  every  twentieth  charge  shall  be  a  "  slag 
charge."  The  extra  slag  and  coke  act  as  a  corrective. 
Sometimes,  however,  fine  ore  will  run  out  of  the 
tuyeres,  and  to  correct  this  there  is  nothing  so  ef- 
fective as  additional  fuel  and  slag.  Fine  ore  will 
rarely  make  itself  manifest  at  the  tuyeres,  except 
when  the  furnace  is  hanging  badly,  when  insuffi- 
cient fuel  is  used,  and  the  furnace  is  driving  fast. 
When  this  condition  obtains  the  best  results  are 
secured  by  using  a  cutting  slag,  with  plenty  of  fuel, 
and  then  after  one  or  two  shifts  give  the  furnace 
a  good  top-barring. 

By  the  term  cutting  slag  is  meant  one  that  will 
remove  the  obstructions.  Usually  it  is  a  hot,  pure 
slag,  low  in  lime  and  zinc,  but  rather  high  in  silica 
and  iron.  It  is  difficult  to  make  a  general  state- 
ment about  a  cutting  slag  that  will  apply  in  all 
cases;  yet,  the  success  or  failure  may  be  said  to 
depend   on   their   proper   use.     Knowledge   of   the 
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chemistry  of  the  furnace  is  essential  to  a  proper 
understanding  of  how  and  when  to  use  them. 

Assume,  as  an  illustration,  that  the  furnace  is 
driving  slowly;  that  the  blast  comes  through  the 
charge  irregularly;  that  it  settles  unevenly,  and 
that  the  whole  top  has  a  tendency  to  agglomerate; 
the  jackets  take  but  little  water,  and  the  slag  is 
smoky  and  unsightly.  Under  such  circumstances 
there  is  probably  an  accumulation  of  sulphides. 
These  are  often  largely  mixed  with  zinc  sulphide, 
and  it  is  likely  the  easy  fusibility  of  the  charge  is 
caused  by  fritting  of  many  sulphides.  The  lead 
in  the  roasted  ore  may  also  materially  cause  a  low 
fusing-point.  Under  such  conditions  the  remedy 
is  in  roasting  the  ore  better,  in  lessening  the  quan- 
tity of  lead  in  the  roasted  ore,  and  increasing  the 
quantity  of  raw  matte  on  the  charge.  It  takes  at 
least  thirty-six  hours  for  the  ore  to  pass  through 
the  roasters,  and  there  is  always  a  portion  on  hand 
that  has  to  be  smelted  before  relief  can  come 
through  this  source.  This  will  require  about  fifty 
hours;  but  the  furnace  needs  immediate  relief,  and 
unless  something  is  done  it  may  stop.  The  remedy 
is:  put  on  a  special  charge;  run  the  silica  at  31  per 
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cent.,  the  iron  and  manganese  at  28  per  cent.;  the 
lime  should  be  materially  lessened,  but  it  is  im- 
possible to  say  to  what  point,  owing  to  the  zinc. 
Do  not  make  the  mistake  of  having  the  lime  too 
high.  Lessen  the  amount  of  sulphur  as  fast  as  pos- 
sible; also  decrease  the  zinc  sharply  by  the  use  of 
pure  silicious  ore.  It  is  generally  best  to  lessen  the 
lead.  Until  the  new  charge  comes  down,  hold  the 
ore  column  quite  low  and  never  smother  the  furnace, 
allowing  the  blast  to  pass  through  freely.  Where  this 
matting  tendency  is  noticed  use  large  pieces  of  scrap 
iron,  in  order  to  produce  a  quick  chemical  heat 
within  the  water-jackets.  There  should  not  be  too 
much  economy  in  the  use  of  fuel;  it  should  not  be 
high,  as  the  chemical  result  desired  is  to  decompose 
the  sulphides  quickly  with  iron.  If  this  diagnosis 
be  correct  a  magical  change  will  be  noticed.  The 
furnace  will  begin  taking  the  blast  more  freely,  the 
charge  will  in  a  few  hours  settle  more  uniformly, 
and  the  slag  becomes  boiling  hot.  Much  sparkling 
matte  will  be  formed;  the  furnace  breast  becomes 
soft  and  the  slag  can  scarcely  be  held.  At  first  it 
smokes  badly,  but  as  the  accumulated  sulphides 
are  washed  out  it  clears  up.     The  jackets  become 
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heated,  many  or  all  of  the  lost  tuyeres  are  regained, 
the  tonnage  of  the  furnace  is  restored,  and  by  the 
time  the  new  roasted  ore  comes  to  it  it  is  freed  from 
obstructions  and  is  running  fast. 

The  analysis  of  the  slag  should  serve  as  the  main 
guide,  but  the  operator  who  uses  it  only  cannot  be 
successful,  as  mechanical  and  chemical  changes  are 
constantly  taking  place  in  the  furnace  not  indi- 
cated by  laboratory  data.  Special  charges,  unless 
absolutely  essential,  are  not  advised.  Frequent 
changes  in  the  charge  are  not  advisable.  When 
the  furnaces  are  running  well  and  fast,  and  the  slag 
is  good  (low  in  lead  and  silver)  the  aim  should  be  to 
maintain  the  charge.  The  most  valuable  asset  of 
the  metallurgist  is  specific  knowledge  of  the  chem- 
ical properties  of  the  various  slags,  to  the  end  that 
he  may  profitably  treat  every  known  mineral  and 
supply  every  demand  of  the  industrial  world. 

A  slag  high  in  iron  runs  fast,  produces  a  large 
tonnage,  and  generally  is  clean  in  both  silver  and 
lead,  provided  the  lime  percentage  is  not  too  low. 
A  fast-nmning  slag  is  not  necessarily  profitable.  In 
it  is  lost  valuable  iron  that  should  be  used  to  flux 
silicious  ores.     Tonnage  should  not  he  increased  by 
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the  use  of  expensive  iron  flux.  The  free  use  of  iron 
causes  the  matte  to  run  low  in  lead ;  produces  much 
speiss  when  there  is  much  arsenic  in  the  ores,  but  this 
speiss  is  partially  obviated  by  using  a  high  silicious 
slag.  Objectionable  substances  are  not  annihilated 
by  sending  them  into  the  bullion,  the  matte,  and 
the  fume.  Arsenic  sent  into  the  bullion  increases 
the  cost  of  working  it.  That  sent  into  the  matte, 
however,  is  a  benefit,  since  there  are  fewer  crushers 
broken,  the  rolls  do  not  wear  out  so  rapidly,  and 
the  speiss,  when  thus  mixed  with  the  matte,  is  in 
excellent  form  to  allow  the  arsenic  to  be  expelled 
in  smoke.  Speiss  piles  often  contain  much  gold  and 
silver.  The  best  practice  consists  in  closely  working 
tip  by-products.  Do  not  have  an  accumulation  of 
slag,  matte,  flue-dust,  speiss,  furnace-bottoms,  fur- 
nace-cleanings, copper  bottoms,  fire-brick  contain- 
ing values,  or  anything  else  that  contains  lead, 
gold,  silver,  or  copper. 
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MANGANESE. 

Excessive  amounts  of  manganese  are  uncommon. 
The  slag  produced  is  clean  in  both  lead  and  silver 
and  it  creates  no  furnace  difficulties.  Twenty 
years  of  close  observation  and  careful  investigation 
failed  to  disclose  any  relation  between  the  percent- 
age of  manganese  in  slag  and  its  lead  and  silver  con- 
tents. Manganese  ores  are  particularly  advanta- 
geous in  the  treatment  of  zinc  ores,  by  reason  of  the 
easy  fusibility  and  fluidity  imparted.  A  number 
of  experiments  proved  that  manganese  lessens  the 
production  of  matte  to  a  marked  degree.  Numer- 
ous tests  made  with  matte  produced  at  a  number 
of  smelteries  failed  to  disclose  the  presence  of  man- 
ganese in  appreciable  quantity ;  and  the  little  found 
could  doubtless  with  safety  be  attributed  to  the 
mechanical  admixture  of  slag. 

These  facts  seemed  to  justify  the  author's  state- 
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ment,  made  in  1899,  that  "It  is  not  known  whether 
it  is  possible  to  have  manganese  in  mattes  existing 
as  a  sulphide.  I  very  much  doubt  it."  A  year 
later  public  mention  was  made  of  a  matte  produced 
at  Nelson,  B.  C,  said  to  contain  6.08  per  cent, 
manganese. 

ALKALINE    EARTHS. 

The  ore-bed  mixtures  should  always  be  carefully 
tested  for  the  alkaline  earths,  lime,  baryta,  and 
magnesia.  Neglect  to  do  this  often  results  in  trouble 
and  irregularity,  particularly  when  they  are  not 
known.  There  is  no  element  present  in  such  quan- 
tities as  seriously  to  interfere  with  lead-smelting, 
and  there  is  no  metallurgical  operation  known  which 
is  susceptible  of  such  wide  ranges.  It  is,  however, 
the  most  difficult  of  all  metallurgical  operations, 
and  requires  a  more  intimate  knowledge  of  the 
chemical  elements  than  any  other  department  of 
metallurgy. 

Sometimes  the  ores  to  be  smelted  contain  so  much 
lime  it  is  impossible  to  use  any  limestone.  When 
it  is  necessary  to  smelt  excessively  large  quantities 
of  alkaline  earths,  add  silica  and  iron,  thereby  re- 
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ducing  the  percentage  of  these  bases.  Iron  cannot 
be  added  as  a  diluent  without  siHca,  as  calcium 
oxide  and  protoxide  of  iron  do  not  unite.  Alkaline 
earth  slags  give  rise  to  much  trouble  where  the 
silica  is  low  and  the  lime  and  iron  bases  are  high, 
and  with  a  sudden  drop  in  the  silica  they  become 
infusible;  they  are  fluid  up  to  a  certain  point 
then  become  curdy.  The  slag  breaks  short  and 
cannot  be  drawn  to  a  string;  the  drops  are  round, 
fall  quickly,  and  form  a  heavy  shell;  they  quickly 
chill  the  matte-boxes ;  are  bad  for  the  tuyeres ;  gen- 
erally tap  hard,  and,  if  something  is  not  done,  pro- 
duce the  phenomena  called  "freezing  up  the  fur- 
nace." 

When  silicious  ore  is  very  scarce  the  use  of  con- 
siderable slag  will  relieve  the  temporary  embar- 
rassment. It  will  be  found  expedient  to  tempo- 
rarily change  the  roaster  charge,  decreasing  the 
quantity  of  iron,  and  roast  as  much  silicious  sul- 
phides as  possible. 

A  certain  quantity  of  lime  in  the  ore  is  advan- 
tageous since  it  increases  profitable  tonnage. 
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BARYTA. 

Baryta  ores  have  been  handled  with  signal  suc- 
cess by  using  a  slag  running  35  to  37  per  cent,  silica 
and  27  per  cent,  alkaline  earths.  A  lengthy  series 
of  tests  on  baryta  ores  resulted  in  a  slag  containing 
14  per  cent,  barium  oxide.  The  slag  was  highly 
silicious.  There  was  only  a  small  quantity  of  diffused 
barium  sulphate;  practically  all  of  it  was  in  com- 
bination with  silica.  Barium  sulphate  is  first  re- 
duced to  a  sulphide  chiefly  by  incandescent  carbon. 
This  sulphide  is  decomposed  by  silica  at  a  high 
temperature,  forming  barium  silicate,  which  passes 
into  the  slag,  and  a  portion  of  its  sulphur  unites 
with  iron,  lead,  and  copper,  forming  a  matte. 
Under  certain  favorable  conditions  a  small  part 
of  the  sulphur,  originally  united  with  barium, 
will  pass  off  as  sulphurous  oxide  in  the  furnace 
gases,  but  by  far  the  greater  part  of  the  sulphur, 
possibly  90  per  cent,  of  it,  is  to  be  regarded  as 
matte-forming.  The  green  flame  is  due  to  barium, 
and  when  it  is  quite  high  the  pyrotechnic  display, 
on  tapping  the  slag,  constitutes  a  beautiful  sight, 
particularly  at  night.         A  slag  low  in  silica  and 
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high  in  iron  is  not  best  for  the  treatment  of  ores 
containing  much  baryta.  Baryta  is  not  as  strong  a 
base  as  Hme  or  magnesia.  These  slags  are  specially 
heavy,  and  high  silicious  slags  are  necessary  to  lessen 
their  specific  gravity,  enabling  the  matte  to  settle 
well.  Where  much  baryta  ores  are  handled  roast 
the  sulphide  ores  down  to  2  to  3  per  cent.,  but, 
in  the  absence  of  baryta,  4  to  5  per  cent,  is  low 
enough.  A  large  roaster  tonnage  is  recommended 
when  the  barium  sulphate  is  low.  Under  no  cir- 
cumstances roast  below  2  per  cent,  sulphur,  owing 
to  losses  of  gold  and  silver,  but  to  turn  out  a  product 
as  high  as  5  per  cent,  sulphur  from  the  roasters 
when  the  baryta  is  high  is  faulty,  owing  to  the  great 
quantity  of  matte  produced. 

SULPHUR    AND    MATTE. 

For  many  reasons  a  production  of  10  per  cent, 
matte  is  advised.  Ores  can  be  treated  more  rapidly 
by  blast-furnaces  than  by  roasting-furnaces,  and 
when  is  considered  the  losses  that  take  place  in 
lead,  gold,  and  silver  by  roasting,  treating  sulphides 
by  the  blast-furnace  is  cheaper.     It  is  unwise  to 
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roast  any  ore  unless  the  total  sulphur  approximates 
12  per  cent.  There  are  many  ores  containing  more 
than  1 2  per  cent,  sulphur  that  should  be  put  on  the 
ore  smelting  beds  on  account  of  the  large  gold  and 
silver  contents.  Generally  speaking  it  is  not  wise  to 
roast  any  ores,  however  high  the  sulphur,  where 
the  precious  metals  are  large,  because  of  the  fume 
losses  and  also  because  of  the  interest  account.  A 
close  watch  should  be  kept  to  prevent  the  sulphur 
from  varying  widely  from  3  to  4  per  cent,  on  smelt- 
ing beds.  Where  the  production  of  matte  is  low  the 
silver  in  the  slag  is  apt  to  be  somewhat  high,  but  it 
does  not  follow  that  the  silver  in  the  slag  is  in  direct 
proportion  to  the  quantity  of  matte  formed.  It  has 
some  bearing  on  the  subject,  but  the  kind  of  matte 
formed  is  a  matter  of  the  utmost  importance,  and 
the  presence  of  copper  in  the  matte  always  tends 
to  lower  the  silver  in  the  slag.  When  the  silver  is 
running  high  in  the  slag  increase  the  copper  in  the 
matte.  This  never  fails  to  lessen  the  loss  of  silver. 
With  much  sulphur  on  the  charge  the  fuel  can  be 
reduced  to  10  or  12  per  cent,  with  satisfactory  re- 
sults. This  saving  is  of  great  importance.  Coke 
is  the  chief  item  of  cost  in  smelting.     When  making 
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lo  per  cent,  matte  the  tonnage  of  the  furnace  is 
much  greater,  the  slag  keeps  hotter  and  the  tuyeres 
brighter,  but  the  furnace  will  form  wall  accretions 
quicker.  Slag-tapping  is  better  with  considerable 
matte;  the  slag-spouts  and  matte-boxes  are  kept 
in  better  condition.  With  a  yield  of  lo  per  cent, 
matte  the  lies  slag-settlers  do  satisfactory  work.  It 
is  well  to  introduce  regularly  some  matte  into  these 
furnaces,  aside  from  the  matte  prills  and  globules 
separated  from  the  slag,  in  order  to  keep  the  bot- 
toms in  good  condition.  This  is  particularly  ad- 
visable where  the  slag  is  high  in  zinc,  baryta,  and 
magnesia.  In  advising  the  production  of  lo  per 
cent,  matte  the  general  welfare  and  smooth  work- 
ing of  the  entire  plant  has  been  considered.  For- 
merly it  was  deemed  best  to  make  4  to  6  per  cent, 
matte.  Before  the  development  of  gigantic  matte- 
boxes  and  large  slag-settlers  the  facilities  for  handling 
matte  were  crude  and  insufficient  in  capacity.  For 
a  long  time  slag  and  matte  were  handled  in  pots  of 
250  to  300  pounds  capacity,  but  subsequently  they 
were  increased  to  3000  to  7000  pounds,  operated 
either  by  steam  or  electricity.     There  were  often 
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long  trains  of  these,   representing  many  tons  of 
molten  slag. 

By  making  10  per  cent,  matte  extremely  impure 
and  refractory  ores  can  be  treated  with  greater 
success.  While  10  per  cent,  matte  is  desirable  in 
most  cases  it  should  not  arbitrarily  be  followed. 
From  4  to  7  per  cent,  is  sometimes  sufficient, 
especially  when  treating  pure  silicious  ores  and 
where  the  barium  sulphate  is  nearly  absent.  There 
are  times  when  it  is  impossible  to  keep  the  yield  of 
matte  below  12  to  15  per  cent,  for  short  periods. 

MAGNETIC    SLAGS. 

It  has  been  found  that  many  lead  slags,  even 
though  free  from  matte  globules,  are  not  to  any 
degree  magnetic,  particularly  if  powdered  in  an  agate 
or  Wedgwood  mortar.  The  rubbing  off  of  the  iron  of 
the  bucking  plate  and  muller  imparts  the  supposed 
magnetability  to  these  slags.  In  copper  metallurgy, 
where  the  roasted  ore  is  melted  down,  producing  a 
first  matte  and  a  slag  running  40  per  cent,  silica,  it 
has  been  shown  to  be  magnetic  and  it  is  assumed 
that  a  portion  of  the  iron  exists  in  the  form  of 
magnetic  oxide. 


1 1 6  LEAD-SMEL  TING. 

MAGNESIA. 

Once  it  was  thought  magnesia  was  a  source  of 
much  trouble.  Great  stress  was  laid  on  the  high 
fusing-point  of  the  silicate.  This  temperature 
called  for  an  increase  of  fuel  and  silver  losses  were 
supposed  to  be  high;  the  mixture  of  zinc  with 
magnesia  was  believed  to  be  specially  injurious. 
Experience  taught  that  magnesia  gives  little 
trouble  when  intelHgently  handled.  Magnesia  is 
a  strong  alkaline  base,  stronger  than  lime  and  four 
times  stronger  than  baryta;  it  imites  readily  with 
siHca,  and  when  this  siHcate  alone  is  formed  the 
temperature  employed  is  rather  high,  but  when  in 
the  presence  of  a  number  of  other  bases  it  does  not 
materially  increase  the  fusing-point  of  a  slag.  As 
it  saturates  much  silica  the  quantity  of  limestone  re- 
quired is  wonderfully  lessened.  It  does  not  cause 
silver  to  enter  the  slags. 

Magnesia  slags  are  generally  low  in  lead.  It 
forms  no  hangings  or  crusts;  does  not  injure  the 
jackets  or  the  tuyeres,  nor  increase  or  decrease  the 
matte  formed,  and  when  an  excess  of  limestone  is 
not  used  no  difficulty  will  be  encountered.  Mag 
nesia  should  always  be  figured  1.4  times  stronger 
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than  lime.  It  produces  a  hard  slag  resembling 
stone,  and  makes  the  crystals  small  and  few  in 
number.  Much  magnesia,  zinc,  and  alumina  are 
unpleasant  combinations,  but  can  be  mastered  by 
regulating  the  lime  that  enters  the  slag.  Lead 
entering  the  slag  should  influence  the  quantity  of 
alkaline  earth  used.  When  the  slag  runs  very  low 
in  lead  look  for  stormy  times,  as  it  is  apt  daily  to 
increase  in  lime  and  suddenly  give  rise  to  trouble. 

ALUMINA. 

The  presence  of  excessive  quantities  of  alumina 
need  occasion  no  alarm.  Aluminous  slags  gener- 
ally run  slow;  high  blast  will  help  along  matters. 
It  is  best  to  keep  the  iron  well  advanced,  and  the 
silica  29  to  31  per  cent.,  with  high  alumina.  Alu- 
mina is  exceedingly  adaptable.  There  are  times 
when  it  seems  to  favor  the  entrance  of  lead  in  slag; 
at  other  times  the  charge  may  be  low  in  lime,  yet 
the  slag  will  be  low  in  lead.  These  conditions  may 
continue  three  to  five  days,  when  suddenly  the  lead 
will  increase.  A  sharp  addition  of  lime,  iron,  and 
fuel  is  then  recommended.  Alumina  has  no  effect 
on  the  silver  in  slags. 


WALL  ACCRETIONS. 
Blast-furnaces  used  for  smelting  lead  ores  do 
not,  as  a  rule,  smelt  rapidly  when  first  started,  and 
the  tonnage  increases  at  a  certain  time,  as  wall  ac- 
cretions are  formed.  The  furnaces  do  not  begin  to 
smelt  ores  rapidly  for  two  or  three  weeks.  There 
are  times  when  the  tonnage  shows  a  material  in- 
crease; then  less  fuel  is  needed.  When  wall  accre- 
tions grow  too  large  irregularities  appear.  It  is  a 
matter  of  importance  to  know  when  to  remove  them. 
No  arbitrary  rule  can  be  laid  down,  since  it  is 
dependent  on  the  quantity  of  zinc,  sulphides,  and 
sulphates  of  other  metals  in  the  ore.  Considerable 
importance  attaches  to  the  general  handling  and  reg- 
ulation of  hangings.  When  regularly  formed  on  the 
walls,  and  not  too  thick,  the  effect  on  the  furnaces  is 
good ;  otherwise  bad  results  follow :  the  furnaces  run 
slow,  producing  much  flue  dust  and  fume.  These 
hangings  occasion  considerable  losses  of  silver,  lead, 
and  gold,  unless  the  plant  is  provided  with  a  bag- 
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house.  When  the  hangings  are  heavy  there  is  often 
obtained  an  action  Hke  the  oxidizing  flame  of  an 
enormous  blow-pipe ;  at  these  times  there  is  noticed 
a  roaring  noise,  much  crackHng  of  limestone  and 
sulphide,  dust  is  raised,  and  the  smoke  is  white, 
especially  if  the  charge  be  allowed  to  drop  but  a 
few  feet.  The  tonnage  is  sometimes  great,  yet,  if 
an  accurate  account  of  all  the  furnaces  is  kept  sep- 
arately, it  will  be  found  the  grade  of  the  bullion  in 
silver  is  greater  on  a  ''hanging''  furnace,  the  quan- 
tity of  matte  is  smaller  and  higher  in  silver.  There 
are  two  distinct  ways  to  remove  hangings.  ' '  Short 
barring"  usually  is  practiced  once  a  month;  some- 
times at  shorter  intervals,  according  to  the  quan- 
tity of  zinc  and  lead  sulphides  treated.  Feeding 
of  ore  ceases,  and,  as  the  charge  descends,  the  blast 
is  lessened.  When  the  charge  has  reached  the  top 
of  the  water-jackets  the  tuyeres  are  removed,  2400 
pounds  of  coke  are  added,  and,  when  the  smoke 
has  partially  cleared  away  and  the  tuyeres  luted 
up  with  thick  clay,  the  barring  of  the  wall  accre- 
tions should  begin.  For  this  purpose  various 
lengths  of  i^-inch  octagonal  steel  bars  are  used. 
Dislodge   loose   top   material  quickly   and  cut   off 
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overhanging  pieces;  remove  the  inner  shell  first, 
the  accretions  back  of  it  will  be  found  less  com- 
pact. Time  may  be  wasted  in  trying  to  take  off 
too  large  pieces.  As  the  barring  proceeds  scatter 
coke  through;  when  in  condensed  form  scrap-iron 
is  serviceable,  but  in  the  absence  of  this  sprinkle 
2  tons  of  iron  flux  through  the  barrings.  From  8 
to  lo  hours  is  long  enough  to  suspend  smelting  for 
barring.  Do  not  remove  all  the  hangings,  even  if 
possible,  but  straighten  them;  take  off  the  large 
knobs  and  leave  the  wall  smooth.  Turn  on  the 
blast  before  beginning  to  feed  the  furnace,  as  there 
is  often  difficulty  in  forcing  the  blast  through  it 
on  account  of  cohesions.  When  the  blast  refuses  to 
come  through  continue  to  increase  it,  and  drive  long 
bars  into  the  hangings.  If  coke  is  sprinkled  through 
the  hangings  during  the  operation  this  trouble  will 
not  arise.  Frequently  it  will  be  found  necessary 
to  repeat  this  short  barring  after  the  furnace  has 
run  12  hours,  particularly  when  the  top  hangings 
fill  the  furnace  before  the  lower  hangings  can  be 
reached.  Care  should  be  exercised  not  to  leave 
a  large  projecting  shelf,  as  that  would  cause  the 
furnace  to  hang  again  quickly.     Short  barrings  are 


IVALL   ACCRETIONS.  121 

not  always  effective.  When  the  hangings  become 
too  heavy  the  best  way  is  to  blow  out  the  furnace ; 
"feed  it  down"  with  finely  crushed  limestone. 
Continue  this,  in  order  to  lessen  the  flame,  until  the 
slag  ceases  to  flow;  then  shut  off  the  blast,  and 
immediately  take  out  the  two  front  jackets,  break- 
ing down  the  crust  with  heavy  bars.  Pull  out  the 
hot  coke,  slag,  and  fine  limestone  with  a  long  roaster 
hoe,  and  wet  down  the  furnace  materials.  Sulphu- 
retted hydrogen  and  arseniuretted  hydrogen  (the 
latter  an  extremely  poisonous  gas)  are  produced, 
and  care  should  be  taken  not  to  inhale  them.  As 
quickly  as  possible  take  down  the  two  back  jackets, 
brace  the  sides  to  prevent  spreading,  and  cut  through 
the  crust.  When  loose  material  within  the  jackets 
is  well  cleaned  out  begin  barring  from  the  top,  use 
plenty  of  water  and  force  down  the  dust  and  other 
loose  material.  After  the  loose  hangings  have  been 
removed  suspended  platforms  become  useful.  Have 
two  of  them  made  of  3 -inch  plank,  bolted  together 
with  heavy  chains,  and  securely  braced  to  the  walls 
of  the  furnace.  The  hangings  may  then  be  chipped 
off  with  wedges  and  gads.  While  this  is  proceed- 
ing the  lead  in  the  crucible  solidifies.     After  the 
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hangings  have  been  removed  and  the  hard  crust 
below  the  tuyeres  cut  out,  dig  a  1 6-inch  hole  through 
the  crust,  reaching  completely  to  the  solidified  lead. 
From  the  bottom  of  the  water-jackets  to  the  feeding- 
door  the  furnace  is  now  clean.  The  solidified  lead 
in  the  crucible  is  covered  with  a  hard  crust,  pene- 
trated only  by  the  hole.  Now  put  up  the  front 
and  back  jackets ;  add  a  few  sticks  of  cordwood 
and  fill  the  furnace  with  coke  to  the  top  of  them; 
from  this  point  fill  the  furnace  with  slag  charges, 
using  1 200  pounds  slag  and  150  pounds  coke,  inter- 
spersed with  an  extra  2400  pounds  of  coke.  When 
the  furnace  is  filled  to  about  7  feet  of  the  door 
throw  in  6  to  8  regular  ore  charges,  put  in  the 
tuyeres,  and  light  the  coke  through  the  peep-holes. 
Giant  powder  and  mine  drills  have  successfully  been 
used  for  the  removal  of  furnace  crucibles,  but  they 
cannot  be  employed  to  remove  wall  accretions. 


HANDLING  OF  SMOKE. 

The  smoke  that  arises  on  tapping  slag  and  matte 
is  injurious  to  health;  hence  there  should  be  pro- 
vision for  its  removal.  Elsewhere  is  given  the 
chemical  composition  of  it,  showing  it  to  be  worth 
saving.  A  large  ventilator  over  the  tap-hole  of 
each  furnace,  or  one  large  and  continuous  venti- 
lator over  a  series  of  furnaces,  however  good  the 
construction,  is  not  sufficient.  The  most  effective 
method  is  to  have  the  front  of  the  blast  furnaces 
boxed  in  with  sheet-iron.  The  box  should  be  the  full 
width  of  the  front,  at  least  lo  feet  high.  Attach 
it  to  a  3 -foot  circular  pipe  and  connect  with  a  5- 
foot  horizontal  pipe.  Over  all  slag-pots,  matte- 
boxes,  or  matte- trays  there  should  be  hoods  a 
trifle  larger  than  the  vessel  from  which  the  smoke  is 
to  be  removed.  Provide  in  the  up-take  pipe  a 
weighted  damper,  easily  and  quickly  operated. 
Even  where  the  pipes  in  front  are  large  they  do  not 

prove  entirely  successful,  especially  where  depend- 
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ence  for  draft  is  a  stack,  unless  it  be  hot.  The  pipes 
over  slag-pots  and  matte-vessels  should  be  made 
telescopic,  and  the  smaller  or  inner  pipe  should 
fit  loosely  into  the  larger  pipe  and  have  ample 
play. 

There  should  be  two  large,  specially  constructed 
fans  to  remove  the  smoke  from  the  blast-furnaces. 

They  should  be  sufficiently  large  for  present  and 
prospective  needs. 

For  a  blast-furnace  having  a  cross-section  at  the 
tuyeres  of  42  inches  X  140  inches,  the  pipe  that  re- 
moves the  smoke  should  be  at  least  6|-  feet  diam- 
eter. When  smaller  a  part  of  the  smoke  is  lost. 
The  importance  of  saving  every  portion  of  it  can- 
not be  overestimated.  Condemn  complicated  and 
expensive  doors.  Those  held  securely  by  wedges 
of  iron  or  wood  are  best.  Even  the  large  doors 
on  the  side  of  blast-furnaces  should  thus  be  held. 

Butterfly  dampers  are  rarely  a  success,  but  in 
many  places  it  is  difficult  to  dispense  with  them. 
Where  used,  make  a  detail  drawing  of  their  con- 
struction. These  dampers  should  close  at  a  slight 
angle;  the  stems  and  handles  generally  are  too 
small. 
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Pip^s  entering  brick  walls  or  flues  should  have 
a  large  bootee,  as  well  as  where  they  join  at  right 
angles. 

Keep  the  sheet-iron  well  painted  and  avoid  all 
leakage.  Where  the  flues  are  brick  avoid  pilasters 
on  the  inner  walls;  make  the  walls  as  smooth  as 
possible  and  the  turns  gradual ;  pilaster  outer  walls. 
Bind  the  small  and  hot  flues  with  a  rigid  railroad 
iron,  the  rods  on  the  outside.  Do  not  for  economy 
make  a  flue  too  small.  Bind  the  top  arch  of  large 
exposed  flues  with  two  horizontal  lines  of  railroad 
iron,  30  to  60  poimds  to  the  foot,  place  between  the 
rails  a  rod  f  inches  to  i^  inches  diameter;  encase 
this  rod  in  a  pipe.  Place  rails  on  both  sides  and  at 
the  skew-back.  Keep  the  tops  of  the  dust-chambers 
covered,  so  they  will  not  disintegrate  from  snow  and 
rain.  Flues  should  be  constructed  so  they  can  be 
cleaned  at  all  times  without  shutting  down.  Even 
in  brick  flues  this  can  easily  be  done  by  having  a 
track  and  car  run  underneath.  Double  flues  are 
desirable.  Circular  steel  pipes  of  large  diameter  are 
generally  better  than  brick  dust-chambers,  particu- 
larly where  fans  are  used. 

It  was  determined  that  the   average  analysis  of 
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the  smoke  from  blast-furnaces  smelting  silver-lead 
ores  was  as  follows  : 


Cubic  Feet  in  Each  loo  Feet  of  Fume. 

Weight  in  Each  loo  Feet 

of  Fume,  in  Lbs. 

Troy,  at  34  Degrees 

Temperature. 

CO2 18.14  cu.  ft. 

2.089891  lbs. 
•554095     " 
.263024     " 

5.048688     " 
.038000     " 

CO 7.64      " 

0 1  ji      " 

N 68.99      " 

Weight  of  dust  per 100           " 

Total  weight 

7.998698  lbs. 

There  was  practically  a  weight  of  .08  of  a  pound 
for  each  cubic  foot.  The  weight  of  the  atmosphere 
under  similar  conditions  is  .0753  pounds  a  cubic 
foot;  hence  the  fume  is  only  6  per  cent,  heavier 
than  the  atmosphere  at  the  same  temperature  and 
pressiire,  and  offers  6  per  cent,  more  friction  than 
the  atmosphere  in  similar  ducts.  Because  this 
smoke  contains  particles  of  lead  in  the  fume  state, 
and  existing  chiefly  as  sulphide  of  lead,  one  would 
naturally  think  it  would  be  more  than  6  per  cent, 
heavier  than  the  atmosphere,  yet  it  can  be  stated 
that  such  is  not  the  fact. 

The  formula  for  loss  of  pressure  in  conduits  is 

P  = ,  in  which  P  equals  the  loss  of  pressure  in 


H/INDLING   OF  SMOKE.  127 

pounds  to  the  square  foot;  V  equals  the  velocity  in 
feet  to  the  minute ;  5  equals  area  of  wall  surface  in 
square  feet;  K  equals  the  coefficient  of  friction; 
and  a  equals  the  area  of  cross-section  of  duct  in 
square  feet.  The  value  of  K  for  brick  ducts,  as 
determined  by  Mr.  Daniel  Murgue,  the  result  of 
twelve  experiments,  is  .0,000,000,019.  For  the 
purpose  of  calculating  the  loss  of  pressure  caused 
by  friction  of  the  fume  through  conduit,  add  6  per 
cent,  of  this  coefficient  and  it  becomes  .000,000,002. 
A  lo-foot  fan  was  observ^ed  to  be  running  imder 
these  conditions:  Speed,  300  revolutions.  This  fan 
was  removing  the  smoke  from  5  blast-furnaces,  each 
of  similar  dimensions,  and  forcing  the  fume  through 
muslin  bags;  each  of  these  was  18  inches  when  dis- 
tended and  30  feet  long,  closed  at  the  upper  end. 
Smoke  entering  the  lower  end  was  forced  by  the  fan 
through  the  cloth,  which  strained  out,  with  almost 
mathematical  precision,  the  solid  particles  from  5 
furnaces.  The  solid  matter  was  sulphide,  sulphate, 
and  oxide  of  lead,  oxide  of  zinc,  arsenious  oxide,  and 
a  small  quantity  of  carbon.  The  volume  of  fume 
passing  the  fan  at  a  certain  time  was  estimated  to  be 
186,000  cu.  ft.  per  minute.     The  bag-house  engine 
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was  making  52  revolutions,  the  fan  305.  The  horse- 
power of  the  engine,  taken  a  few  days  previously 
under  similar  conditions,  was  140;  actual  horse- 
power in  the  moving  fume  38.  Allowing  30  for 
driving  a  No.  5  Root  blower  and  turning  the  shafting, 
the  efficiency  of  the  fan  was  34.5  per  cent.,  indicating 
a  loss  of  65.5  per  cent.  The  efficiency  of  the  fan  was 
taken  when  the  volume  of  fume  passing  was  126,900 
cu.  ft.  Vacuum  pressure,  .51  oimces;  positive  press- 
ure, .41  ounces;  total,  .92  ounces  to  the  inch  or  8.28 
pounds  to  the  foot;  work  done  by  fan,  1,050,632 
foot-pounds  or  32  horse-power;  indicated  horse- 
power of  engine,  99;  efhciencey  of  fan,  32  per  cent. 
Twenty-four  compartments  were  in  use,  represent- 
ing a  filtering  area  of  about  291,600  square  feet.  This 
shows  an  average  of  .64  of  a  cubic  foot  is  passing 
through  each  square  foot  of  cloth  each  minute. 


METALLURGICAL  RESULTS. 

As  to  chemical  determinations  on  slag,  it  was  dis- 
covered by  taking  the  complete  analysis  that  the 
sum  total  of  the  SiO^.FeO  +  MnO,  CaO  +  BaO  +  MgO, 
ZnO,  and  AI2O3,  was  nearly  100  per  cent.  Forty 
determinations  on  aluminous  slags  showed:  SiOj, 
31.35  per  cent.;  FeO  +  MnO,  35.07  per  cent.;  alka- 
line earths,  20.25  P^^  cent.;  ZnO,  6.23  per  cent.; 
alumina,  7.07  per  cent. ;  total,  99.97  per  cent.  Rapid 
commercial  analyses  have  about  the  following  errors : 
SiOj  is  five-tenths  per  cent,  high,  Mn  three-tenths 
per  cent,  high,  BaO  approximately  correct,  ZnO 
four-tenths  per  cent,  high,  Fe  five-tenths  per  cent, 
high,  CaO  seven-tenths  per  cent,  high,  MgO  two- 
tenths  per  cent,  high,  AI2O3  four-tenths  per  cent, 
high.  Losses  of  gold,  silver,  and  lead  occur  at  the 
top  and  bottom  of  lead  blast-furnaces.  Experi- 
ments covering  a  period  of  twenty-five  years  prove 
that  these  losses  are  greater  than  generally  supposed. 

The  successful  introduction  of  the  bag-house,  for  the 
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complete  collection  of  the  lead  fume,  marked  a  metal- 
lurgical achievement.  The  saving  of  gold,  silver, 
lead,  and  copper  from  the  slag,  by  the  use  of  slag- 
settlers,  was  a  revolutionary  step,  relatively  as  im- 
portant as  the  bag-house.  These  settlers  will  ex- 
tract 70  per  cent,  of  the  silver  previously  lost  in  the 
slag.  The  bag-house  will  save  losses  in  smoke  to  a 
thousandth  of  i  per  cent. 

Accurate  conclusions  regarding  lead-smelting  with 
blast-furnaces  can  only  be  based  on  yearly  records. 
The  longer  the  period  covered  the  surer  will  be  the 
deductions.  In  late  years  great  revolutions  have 
taken  place  with  reference  to  the  blast  and  other  fac- 
tors, resulting  in  cheapening  the  cost  of  smelting  and 
the  saving  of  values.  An  important  step  is  compre- 
hended in  the  lessening  of  the  iron  in  the  slag,  neces- 
sitated by  the  scarcity  and  cost  of  iron  flux.  The 
changed  conditions  dictated  a  lessening  of  the  ratio 
of  silica  to  the  combined  iron  and  manganese  per- 
centages. Colorado  coke,  although  the  percentage 
of  ash  in  it  is  high,  is  particularly  adapted  to  lead- 
smelting,  owing  to  its  peculiar  cell  structure.  In  six 
years'  operations  the  average  assay  of  slag  was  0.84 
ounces  silver  a  ton  and  0.53  per  cent,  metallic  lead ; 
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average  assay  of  bullion,  266  ounces  silver,  3.49 
ounces  gold.  The  composition  of  the  matte  showed 
77  ounces  of  silver  to  each  ton,  and  0.08  ounces  gold; 
average  percentage  lead,  10.96;  copper,  14.8.  The 
average  composition  of  the  slags  for  the  period 
named,  in  percentages  was :  SiOj,  31.37;  FeO,  28.57; 
MnO,  5.86;  CaO,  14.22;  BaO,  4.19;  MgO,  2.87; 
ZnO,  6.17;  AI2O3,  6.10;  S,  1.52;  CuO,  0.05;  PbO, 
0.57;  total,  101.49  psi"  cent. 

The  ratio  of  iron,  plus  manganese,  to  the  silica  was 
0.852.  The  composition  of  the  slag  may  be  more 
forcefully  presented  thus:  Silica,  31.37;  iron  bases, 
34.43;  lime  equivalent,  19.75;  zinc  and  alumina, 
12.27;  small  constituents,  2.14;  total,  99.96, 

The  specific  gravity  of  the  slag  was  3.36  and  the 
matte  4.64.  The  percentage  of  matte  was  9.03 ; 
lead,  12.58;  fuel,  13.85. 

The  daily  average  tons  of  ore  smelted  to  the  fur- 
nace was  125  ;  highest  yearly  average,  144. 

The  blast  pressure  varied  from  39  to  47  oimces  to 
the  square  inch. 

The  average  of  flue-dust  was  2 .43  per  cent. ; 
lowest  yearly  average  1.32  per  cent.,  highest  3.5 
per  cent. 
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The  quantity  of  iron  flux  was  gradually  lessened, 
owing  to  cost.  A  more  silicious  and  better  slag  was 
then  produced.  An  ideal  slag,  based  on  experience 
an  observation  during  the  operations  noted,  would 
be:  32  per  cent,  silica;  32  per  cent,  iron  bases;  22 
per  cent,  alkaline  bases;  10  per  cent,  zinc  and  alu- 
mina ;  4  per  cent,  other  substances. 

The  average  lime  equivalent  was  19.75  V^^  cent.; 
lowest  yearly  average,  17.76.  This  was  directly 
occasioned  by  the  zinc  and  high  alumina.  The 
highest  lime  was  (i  year's  average)  21.78  per  cent. 
General  average  of  matte,  zinc,  6.42  per  cent.; 
barium,  0.73  per  cent.;  sulphur,  20.29  per  cent, 
iron,  35.00  per  cent.;  manganese,  1.25  per  cent. 
Slag  mixed  with  the  matte  caused  the  apparent 
presence  of  manganese  in  the  latter. 

The  average  ounces  of  silver  to  the  ton  of  speiss 
was  24.72;  gold,  .476,  or  practically  ^  oimce  to  the 
ton.  The  average  sulphur  in  the  slags  was  1.52  per 
cent.  There  was  .05  per  cent,  protoxide  of  copper  in 
the  slag.  The  average  temperature  of  the  slag  was 
1888  degrees  Fahrenheit,  equal  to  1031  degrees  Cen- 
tigrade.    The  average  tons  slag  produced  in  smelt- 
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ing  one  ton  of  ore  was  0.95.     Gold  in  slag  varied 
from  a  trace  to  10  cents  a  ton. 


A  good  idea  of  the  composition  of  bullion  may 
be  obtained  from  this  analysis:  Pb,  95.35  per  cent.; 
Sb,  3.27  per  cent.;  As,  0.28  per  cent.;  Cu,  0.71  per 
cent.;  total,  99.61  per  cent. 


ANTIMONIAL  LEAD. 

A  SMALL  quantity  of  antimony  is  usually  contained 
in  the  silver  and  lead  ores  of  the  western  part  of  the 
United  States.  The  Utah  and  Idaho  galenites,  con- 
taining 50  per  cent,  to  70  per  cent,  lead,  have  anti- 
mony in  appreciable  quantities.  When  received 
little  or  no  attention  is  paid  to  antimony.  They  are 
placed  directly  on  the  ore-smelting  beds  when  the 
silver  contents  are  high.  When  the  sulphur  is  high 
and  the  silver  low,  they  are  roasted.  The  lead  pro- 
duces a  compact  product,  by  the  formation  of  a  sili- 
cate and  oxide  which  binds  the  particles.  Substan- 
tially all  antimony  is  concentrated  in  the  bullion  by 
smelting.  Some  of  it  goes  into  the  slag,  matte,  and 
fume.  Its  presence  in  the  bullion  is  rarely  mani- 
fested, as  arsenic  and  copper  also  make  hard  lead. 
The  bullion  made  at  blast-furnaces  is  weighed,  sam- 
pled, sent  to  the  refinery,  and  melted  at  a  low  tem- 
perature.    When  the  furnace  is  full  there  is  removed 

the  first  copper  skimming. 
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After  this  has  been  removed  the  firing  is  increased, 
and  there  soon  arises  a  Hght  vapory  smoke.  At  a 
cherry-red  heat  oily  drops  appear  floating  on  the 
surface.  These  rapidly  increase  with  the  increase  of 
heat;  soon  the  entire  surface  will  be  covered  with 
antimonate  of  lead.  After  firing  three  hours  lessen 
the  heat  and  open  the  doors.  Cool  and  remove 
antimony  skimmings.  Frequently  take  a  sample 
with  a  ladle.  Use  a  mould  for  the  sample.  The 
surfaces  are  carefully  observ^ed  as  the  operation 
progresses.  A  white  frost-like  crystalline  coating 
is  seen  during  solidification.  The  hardness  of  the 
bullion  is  determined  by  the  size  and  whiteness  of 
the  coating.  This  coating  is  characteristic  of  anti- 
mony. As  the  quantity  becomes  less,  the  white, 
frosty,  elliptical  spot  grows  smaller,  and  at  the  mo- 
ment of  complete  solidification  the  center  shrinks, 
forming  a  permanent  depression.  The  success  of 
subsequent  operations  depends  on  the  completeness 
with  which  the  antimony  is  removed.  There  are 
always  two  antimony  skimmings  removed ;  sometimes 
three  when  the  bullion  is  quite  hard.  The  skimmings 
are  essentially  antimonate  of  lead.  There  is  also 
present  considerable  oxide  of  lead, — mechanically 
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mixed  bullion, — some  copper,  and  other  foreign 
substances.  When  the  skimmings  have  accumulated 
to  loo  tons,  they  are  treated  in  a  small  reverberatory 
furnace  with  a  water- jacketed  pan.  In  this  is 
tamped  a  coating  of  brasque  composed  of  ground 
coke  and  fire-clay,  to  give  the  proper  form  to  the 
bottom.  On  this  brasque  is  placed  a  header  course 
of  fire-brick,  the  bottom  sloping  to  one  side,  to  com- 
pletely drain  the  metallic  lead.  There  is  the  usual 
fire-box  and  firing-doors,  two  charging-doors  and  two 
tap-holes,  one  for  the  bullion  and  one  for  the  anti- 
mony slag.  The  slag  must  be  made  as  free  from 
gold  and  silver  as  possible,  since  any  left  in  it  will  be 
lost.  In  order  to  free  the  slag  from  silver  and  gold, 
some  reducing  agent  must  be  used,  such  as  coal, 
charcoal,  or  fine  coke.  The  quantity  of  metallic  lead 
that  drops  to  the  bottom  depends  on  the  quantity  of 
fuel  used.  The  fine  drops  of  lead  percolating  through 
a  layer  of  antimony  slag  will  wash  out  gold  and  silver 
and  they  easily  alloy  with  lead.  This  alloy  is  tapped 
into  a  pot,  skimmed,  and  run  into  moulds.  The 
bullion  is  returned  to  the  softening  furnaces  and 
treated  in  every  respect  like  that  from  the  blast- 
furnaces. 
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The  antimony  slag  is  tapped  into  pots,  cooled, 
dumped,  broken,  and  stored  for  six  months.  Fre- 
quently test  it  for  silver  and  gold.  Antimonial  lead 
at  one  time  contained  15  to  25  ounces  silver  a  ton 
and  considerable  gold,  but  this  practice  has  been 
improved. 

Over  600  tons  contained:  Gold,  .08  ounces  a  ton; 
silver,  2.45  ounces.  To  obtain  these  results  mechan- 
ical, chemical  and  metallurgical  conditions  must 
be  observed. 

Prior  to  the  runs  have  the  crucible  freed  from 
silver  and  gold;  the  fire-brick  should  be  removed  if 
the  crucible  is  old.  Time  and  expense  can  be  saved 
by  removing  the  9 -inch  lining.  The  furnace  walls 
should  be  entirely  relined  with  fire-brick,  and  no 
portion  of  the  furnace  should  contain  gold  or 
silver. 

For  antimony  runs  use  slag  low  in  silver.  Lead 
free  from  silver  is  used  for  filling  the  crucible. 

The  furnace  is  blown  in  on  coke  and  slag,  using  a 
low  blast.  The  following  antimony  charge  is  rec- 
ommended :  700  pounds  antimony  and  500  pounds 
common  slag,  100  pounds  limestone,  and  200  poimds 
coke. 
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It  is  best  not  to  allow  the  blast  to  rise  above  10 
oiinces.     The  gauge  must  be  exact  and  sensitive. 

The  furnace  should  not  be  forced  for  large  tonnage, 
and  the  top  should  remain  cool.  Make  on  an  average 
600  bars  antimonial  lead  a  shift,  each  weighing  100 
poimds.  Use  a  matte-box  holding  125  cubic  feet  of 
slag ;  that  passing  through  it  will  be  remarkably  free 
from  silver,  varying  from  a  trace  to  .03  ounces  a  ton; 
but  the  combined  antimony  and  lead  in  the  slag  will 
run  I  to  3  per  cent.  Re-smelt  the  pot  shells  at  once. 
Use  a  large  and  deep  crucible:  inside  length  at  the 
tuyeres,  140  inches;  width,  42  inches ;  water-jackets, 
12  inches  bosh.  The  walls  flare  outwardly  to  the 
feed-door,  17  feet  above  the  centre  of  the  tuyeres. 
Keep  the  charge  up  to  the  feed-door. 

Antimonial  lead  chills  rapidly.  The  lead-well 
channel  should  be  8"Xio".  Copper  will  increase 
in  the  lead,  and  trouble  with  the  lead-well  will  in- 
crease to  the  end  of  the  run.  The  channel  should  be 
cleaned  every  few  hours  by  scraping  the  side  walls ; 
put  the  copper  skimming  with  the  slag  hoisted  for 
this  run. 

Generally  30  pounds  sulphides  on  the  charge  will 
lessen  the  trouble  from  copper  by  the  formation  of 
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matte.  After  six  days  the  use  of  sulphides  is  usually 
imperative.  Gold  and  silver  entering  the  hard  lead 
constitute  a  loss.  Antimony  runs  are  made  once  or 
twice  a  year.  Inhale  as  little  of  the  fume  as  possible, 
as  it  is  poisonous.  It  may  be  allowed  to  escape 
through  a  high  stack  or  conducted  to  the  bag-house ; 
the  latter  course  is  not  advised,  since  it  contami- 
nates the  products.  The  use  of  a  separate  bag- 
house  for  the  fume  is  advised. 

Near  the  close  of  the  run  gradually  add  copper 
skimmings  from  the  previous  runs  and  increase  the 
quantity  of  sulphides  when  necessary.  Finally 
smelt  copper  skimmings  and  all  scraps  containing 
antimony.  Use  finely  crushed  limestone  for  blow- 
ing out  the  furnace. 

A  typical  analysis  of  this  product  is:  Lead,  77.96 
per  cent. ;  antimony,  20.99  P^r  cent. ;  arsenic,  0.62 
per  cent.;  copper,  0.37  per  cent.;  total,  99.94  per 
cent.;   gold,  .08  ounce  a  ton;  silver,  2.45  ounces. 

A  hard  lead  containing  as  high  as  49  per  cent,  anti- 
mony may  be  produced  by  repeated  reduction  of 
lead  out  of  the  antimonate  of  lead.  The  antimonial 
bullion  is  tapped  and  fresh  coal  added  to  the  molten 
mass    remaining    in    the    antimony    furnace.     The 
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antimony  may  thus  be  increased  to  60  per  cent. 
Lead  with  25  to  30  per  cent,  antimony  is  best  suited 
for  the  market. 


ANTIMONY     RUNS. 


«  r  Antimony  slag 

£f  J  Common  slag 

^  1  Limestone 

U  I^Coke 

No.  of  charges,  24  hrs. . 
Bars  bullion,  24  hrs.... 
Assay  of  slag: 

Ag,  oz 

Pb,  per  cent 

Analysis  of  slag: 

SiO^ 

Fe 

Mn 

CaO 

Assay  of  bullion: 

Au,  oz 

Ag,  oz 

Hematite  (flux) 


Average  Results  in  Pounds  of  Six  Runs. 


400 
200 

35 
100 
130 
439 

O.II 

1.50 

34-2 
18.4 

3-5 
21. 1 

Tr. 

7 
o 


700 
450 
120 
200 
209 
1647 

Tr. 
1.40 

32.6 

17.8 

2.2 

25.0 

Tr. 

5-3 
o 


600 
600 
100 

320 

200 

1443 

Tr. 
2.0 

30.7 
21.8 

2.4 
20.9 

Tr. 

5-5 
So 


700 
500 
120 
220 
160 
1265 

Tr. 
3-0 

31.8 
18. 1 

2.5 
22.0 

Tr. 
6.4 
50 


700 
500 
100 
200 
185 
1408 

Tr. 

1-3 

33.0 

16.0 

2.6 

22.7 

Tr. 

4.4 

o 


700 
500 
73 
183 
204 

1325 

Tr. 
1-7 


Tr. 

3-5 
o 


ROASTING-FURNACES. 

RoASTiNG-FURNACES  have  become  so  necessary  an 
adjunct  of  all  lead-smelting  plants  that  a  brief  refer- 
ence to  their  construction  and  operation  will  not  be 
out  of  place  in  this  work.  Its  importance,  however, 
may  warrant  more  elaborate  treatment  in  a  separate 
volume. 

The  most  expensive  method  is  by  hand  roasters. 
A  great  many  types  of  patented  devices  have  been 
invented.  Some  of  them  doubtless  are  an  im- 
provement over  the  so-called  fuse-box  method,  or 
that  style  of  the  furnace  where  the  sulphur  is  mainly 
eliminated  in  the  back  portion  and  the  charge 
scraped  into  the  attached  fuse-box  and  fused  in  one 
operation. 

By  reason  of  the  great  losses  of  lead  and  silver  the 

fuse-box  has  been  practically  abandoned.     The  only 

claim  for  its  continued  use  consists  in  the  fact  that 

the  fused  ore  is  in  better  form  for  treatment  in 

the  blast-fttmaces,  causes  an  increased  tonnage,  and 
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the  losses  through  dusting  at  the  blast-furnaces  is 
practically  eliminated. 

B}^  a  method  intermediate  between  a  dry  roast 
and  complete  fusion,  there  is  obtained  what  is 
termed  "cintered  ore."  By  cintering  the  ore  and 
drawing  it  into  pots,  the  heated  mass  pounded  down 
by  a  heavy  disk,  a  product  quite  compact  will  result, 
according  to  the  percentage  of  lead  in  the  ore,  the 
heat  employed,  and,  chiefly,  the  degree  of  compres- 
sion of  the  particles. 

Good  cintered  ore  does  not  materially  lessen  the 
speed  of  the  furnaces,  and  by  reason  of  its  porosity 
has  many  claimants.  Indeed,  there  are  not  a  few 
metallurgists,  having  tried  one  or  more  of  the  pat- 
ented furnaces,  who  have  returned  to  hand -roasting, 
because  of  the  great  repairs  and  the  loss  of  time  so 
common  to  the  newer  furnaces.  The  mechanical 
imperfections  will  be  overcome  in  time,  and  hand- 
roasting  will  be  a  thing  of  the  past. 

The  numerous  modifications  of  the  O'Hara  fur- 
nace are  not  especially  adapted  for  the  lead-smelters. 
The  Wethey-Holthoff  is  a  rational  roaster.  The 
Ropp  is  excellent,  and  may  be  brought  to  a  high 
degree  of  perfection.     The  Pierce  marks  a  great  step 
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forward  in  the  art  of  roasting,  and  for  some  kinds  of 
roasting  leaves  little  to  be  desired.  There  has  not 
been  as  much  improvement  in  the  cost  of  hand- 
roasting  as  might  be  desired.  Eventually  all  the 
fuse-boxes  will  be  abandoned  for  cintering  furnaces 
by  merely  altering  the  front. 

It  was  accidentally  discovered  that  cintered  ore 
could  be  improved  by  punching  three  holes  through 
the  mass  in  slag-pots  immediately  after  it  had  been 
pounded  down,  and  then  pushing  down  through  the 
center  a  |-inch  steel  bar  to  the  bottom  of  the  pot. 
For  some  reason  unknown,  the  central  portion  of  the 
cone  will  be  found  quite  firm;  if  this  process  is 
omitted,  the  central  portion  of  the  cone  will  be  gran- 
ular. Much  smoke  will  also  escape  through  these 
holes,  and  frequently  there  will  be  noticed  a  con- 
densation of  volatile  products  at  the  upper  edges; 
particularly  is  this  so  of  arsenious  oxide.  This  dis- 
covery is  of  considerable  importance. 

From  1887  to  1899  the  chief  improvements  in 
roasting  consisted  in  changing  from  a  perfect  fusion 
to  a  semi-fusion.  In  fusing,  good  lump  and  mine- 
run  coal  is  necessary.     In  late  years  excellent  work 
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has  been  obtained  by  entirely  dispensing  with  ex- 
pensive  varieties  of  coal  and  using  slack. 

The  cost  for  hand-roasting  varies  from  $2  to  $3  a 
ton.  The  cost  for  roasting  on  the  Brown-O'Hara 
furnace  is  about  $2  per  ton.  The  labor  is  cheaper, 
but  owing  to  its  great  length,  the  numerous  fire- 
places, and  the  difficulty  of  regulating  the  heat  the 
fuel  cost  is  greater  than  with  hand  roasters,  because 
more  fuel  and  a  higher  grade  is  essential. 

The  cost  of  repairs  on  the  mechanical  roasters  is 
large,  and  if  this,  together  with  the  loss  of  time,  is 
taken  into  consideration,  it  may  be  found,  for  a 
period  of  five  to  ten  years,  that  the  hand-roasters  are 
actually  cheaper. 

It  is  believed  that  Bruckner  roasters  are  destined 
to  play  an  important  part  at  lead-smelters  for  roast- 
ing the  sulphide  ores,  and  that  the  two  great  objec- 
tions to  these  furnaces,  the  size  of  the  particles  and 
high  percentage  of  sulphur  usually  remaining,  can  be 
overcome.  It  is  believed,  however,  the  losses  by 
volatilization  are  greater  than  with  hand  roasters. 

It  seems  feasible  to  use  compressed  air  for  consoli- 
dating the  roasted  particles  in  a  heated  condition.  It 
is  also  possible  to  transfer  the  roasted  ore  rapidly 
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and  cheaply  to  other  furnaces,  cinter  or  fuse  it,  and 
catch  the  fume  in  a  bag-house.  This  belief  is  based 
upon  experimental  data,  since  it  has  been  shown  that 
the  fume  arising  from  the  partially  roasted  ore  does 
not  contain  free  sulphuric  acid,  and  therefore  the 
cloth  bags  will  not  be  destroyed. 

Some  mechanical  furnaces  have  reduced  the  cost 
of  roasting  below  $i  per  ton,  especially  upon  pure 
ores  high  in  sulphur. 


SMOKE. 

THE   DRAFT    FACTOR. 

ON    LEAD    BLAST-FURNACES. 

This  branch  of  the  subject  is  mainly  a  record  of 
actual  experiments  on  the  draft.  The  manometer 
recorded  accurately  to  the  one  thousandths  of  an 
ounce  pressure,  and  was  specially  designed  and  con- 
structed for  these  experiments.  Ten  feet  from  the 
bag-house  fan,  and  at  intervals  of  lo  feet  along  the 
blast-furnace  flue,  eighty-four  stations  were  estab- 
lished, each  being  numbered.  A  hole  at  each  station 
was  drilled  through  the  brick  wall,  and  in  it  was  in- 
serted a  quarter-inch  wrought-iron  pipe,  to  which  the 
manometer  was  attached.  The  reading  was  made 
two  or  three  times  to  insure  accuracy.  Ten  feet 
from  the  mouth  of  the  fan  there  was  a  suction  press- 
ure of  .35  ;  the  same  at  180  feet ;  but  back  of  that  the 
draft  gradually  diminished  from  .35  to  .24.  Pilas- 
ters on  the  back  wall  caused  an  obstruction. 
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By  broadening  the  chamber  system  the  flow  of 
gases  was  lessened  and  the  deposition  of  dust  in- 
creased. 

The  draft  depended  on  the  frequency  with  which 
the  bags  were  shaken,  on  the  number  of  fume- 
rooms  running,  and,  to  some  extent,  on  the  weather. 
When  it  was  moist  the  draft  was  not  so  good.  It 
was  influenced  by  the  age  of  the  bags  and  by  the 
quantity  of  sulphuric  acid  in  the  smoke.  When  the 
draft  was  poor,  the  furnaces  had  to  be  run  slow; 
operators  were  unnecessarily  leaded;  feeding  of  the 
furnaces  was  poor;  the  slag  and  jackets  often  be- 
came cold,  and  a  train  of  evils  followed.  On  proper 
draft  and  regulation  of  it  is  often  dependent  the 
success  of  the  entire  plant. 

The  draft  in  the  flue  back  of  the  furnaces  was  not 
so  great.  The  strongest  was  .13,  and  at  the  extreme 
end  .06  ounce.  This  is  deemed  inadequate.  A 
better  draft  in  this  particular  case  would  have  been 
of  incalculable  benefit  from  a  humanitarian,  metal- 
lurgical, or  money-making  point  of  view.  Rarely 
do  blast-furnaces  have  sufficient  draft.  In  designing 
new  or  altering  old  works  this  subject  should  re- 
ceive careful  consideration.     The  earning  capacity 
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will  be  greatly  increased  by  having  at  all  times  a 
sharp  draft  on  the  feed-floor.  Both  in  the  alteration 
of  old  and  the  designing  of  new  plants  it  will  be  well 
carefully  to  consider  the  placing  of  a  fan  reasonably 
near  the  blast-furnaces,  working  in  connection  with  the 
bag-house  fans.  When  a  furnace  begins  running  fast, 
the  inadequacy  of  the  draft  at  once  becomes  appar- 
ent ;  cutting  the  blast  to  remove  the  smoke  from 
the  feed-floor  means  a  loss  of  tonnage.  By  speeding 
the  bag-house  fan  an  improvement  in  the  draft 
is  secured.  Overcrowding  the  fan,  however,  will 
minimize  results. 

The  dust-chamber  back  of  the  furnaces  is  generally 
too  small.  In  a  plant  of  six  large  furnaces  the  cross- 
sectional  area  should  be  at  least  300  square  feet,  and 
the  chamber  so  constructed  as  to  permit  of  its  clean- 
ing without  interference  with  the  draft.  A  simple 
and  cheap  way  to  accomplish  this  is  to  have  a  tunnel 
under  the  dust-chamber.  The  draft  of  these  fur- 
naces was  induced  by  a  fan.  The  draft  in  the  down- 
take  pipes  should  be  at  least  .10  ounce,  and  more  is 
desirable.  In  the  dust-chamber  immediately  back 
of  the  blast-furnaces  there  should  be  at  least  .25 
ounce.     This  would  permit  of  fast  driving  and  pro- 
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duce  a  clean  feed-floor,  enhancing  profits.  Various 
devices  for  increasing  the  draft  have  been  tried  with- 
out compensating  results.  The  true  remedy  is  in 
larger  fans. 

Where  fume  contains  gold,  silver,  lead,  or  other 
elements  of  value,  the  stack  should  not  he  relied  on  to 
produce  draft.     Fans  are  recommended. 

ON    BAG-HOUSES. 

In  the  fan  there  was  a  pressure  of  .32  ounce;  in 
the  large  pipe  opposite  one  bag-house  .26;  in  the 
large  pipe  opposite  another  bag-house,  near  the 
end,  .24;  in  one  bag-house  .074;  in  another 
.076.  The  loss  in  the  main  pipe  from  friction  was 
.08;  loss  in  the  thimble  .164;  the  pressure  in  the 
bags  was  the  same  as  in  the  fume-room.  The  loss 
between  the  interior  of  the  bag-house  and  the  atmos- 
phere was  .076.  This  shows  that  two  and  one  half 
times  as  much  power  was  required  to  get  the  fumes 
into  the  bag-house  as  to  filter  them. 

With  the  same  pressure  on  the  fans  more  than 
twice  the  volume  of  fume  can  be  filtered  in  the  same 
filtering  area,  provided  the  thimble  is  large  enough 
to  admit  the  fume  as  fast  as  it  passes  out  of  the  bags. 
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Item. 


Draft  at  furnace  2,  4,  5,  7 

Down-take  from  furnace 

Right  angle  turn  into  duct  or  chamber 

Duct  under  feed  fioor  to  pipe  from  No.  9.... 

No.  9  furnace  and  down-take 

Friction  through  gates 

Normal  friction  through  3  chambers 

Friction  of  pilasters  in  3d  compartment 

Drawing  from  3  compartments  to  i 

Normal  friction  from  entrance  of  single  duct 

to  fan 

Friction  caused  by  pilasters 

Friction  of  gate  near  station  6 

Friction  caused  by  curve 

Refinery  fumes 

Friction  to  draw  to  one  side  at  fan 

Loss  by  acceleration 

Friction  in  large  pipe  from  fan  to  thimbles  . 

Friction  in  small  thimbles 

Friction  in  filtering 


Loss  in 
Press- 
ure, 
Oz. 


.031 
.022 
.067 
.020 


.008:- 
.0067 
.002 
.047 

.0224 
.0171 
.0192 
.0166 


■0355 

.043 

.080 

.164 

.076 


Horse- 
power 

Ab- 
sorbed. 


3.82 
2.71 
8.24 
2.46 
5 -70 
1-35 
1.09 

•33 
7.66 

3.65 
2.81 

3-13 

2.60 

7.40 

5.48 

8.04 

14.88 

30.50 

14.14 


Annual 
Cost  of 
Mainte- 
nance. 


$134.52 
97-56 

297.64 
88.46 

205.20 
48.60 

39-24 

II. 18 

275-76 

131.40 
101.16 
112.68 
93.60 
266.40 
197.28 
289.44 
535-68 
1098.00 
509.04 


These  items  of  expense  may  be  dispensed  with: 
Right  angle  turn  into  duct,  297.64;  friction  of  pilas- 
ters, 101.16;  friction  in  small  thimbles,  1098.00; 
total,  1496.80. 

Experts  on  moving  fluids  through  ducts  lay  great 
stress  on  having  perfectly  smooth  walls  without 
abrupt  turns.  The  duct  through  which  the  fume 
passed  in  this  instance  was  not  up  to  the  require- 
ments for  the  most  effective  work. 

Subsequent  to  the  test  each  compartment  of  the 
new  bag-house  was  supplied  with  large  thimbles. 
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The  pressure  in  all  compartments  was  then  again 
taken,  showing,  with  two  exceptions,  that  the  press- 
ure was  as  great  in  the  fume-room  as  in  the  large 
pipe,  being  .19  and  .20  ounce  to  the  inch. 

Prior  to  the  enlargement  of  the  thimbles  the  fan 
was  exerting  53  per  cent,  of  its  energy  to  draw  the 
fume  from  the  furnaces,  and  47  per  cent,  to  dispose 
of  it.  The  large  thimbles  reduced  it  to  62  and  38 
per  cent.,  respectively. 

ON    HAND-ROASTERS. 

Hitherto  it  has  been  difficult  to  state  with  accu- 
racy the  proper  draft  for  hand-roasting  furnaces. 
Too  sharp  a  draft  has  a  tendency  to  materially  in- 
crease the  fuel  consumption  and  quickly  remove  the 
heat ;  it  likewise  favors  the  production  of  a  sulphate 
rather  than  an  oxide.  If  it  be  insufficient,  the  com- 
bustion of  fuel  will  not  be  complete ;  hence  a  mone- 
tary loss  ensues,  and  the  ore  will  not  be  properly 
roasted.  By  proper  regulation  of  the  size  of  the 
charge  the  percentage  of  sulphur  may  be  varied 
and  a  product  of  2^  to  3^  per  cent,  secured.  To  do 
this  the  draft  should  be  near  .08  to  .09  ounce  to  the 
square  inch.     Where  it  drops  as    low  as  .02  to  .03 
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the  fuel  is  improperly  burnt,  and  the  sulphur  is 
much  higher.  Ores  containing  much  gold  or  silver 
should  not  be  roasted  too  much.  The  silver  and 
gold  in  a  roasting  mixture  is,  to  a  certain  extent,  a 
guide  for  the  percentage  of  sulphur  that  should  re- 
main. When  one  furnace  bums  more  coal  than 
another,  similarly  situated,  the  draft  should  be 
checked  by  the  use  of  fire-brick.  Sheet-iron  damp- 
ers are  not  durable.  Interference  of  the  draft  is 
increased  by  abrupt  turns,  and  by  leaving  the  side 
and  charging  doors  open  unnecessarily  long.  Other 
causes  include  leaks  in  the  sides  of  the  arch;  and, 
frequently,  by  the  improper  closing  of  the  doors  in 
the  dust-chambers,  as  well  as  through  the  walls. 

In  one  experiment  the  draft-pressure  of  the  hand- 
roasters  was  taken  at  the  fire-box  with  a  Fallis 
manometer,  while  the  doors  were  open,  and  showed 
.03  ounce  to  the  square  inch  as  an  average  of  six 
furnaces.  None  of  them  had  sufficient  draft,  the 
flues  being  too  small.  The  cross-sectional  area 
(inside  measurements)  was  3  feet  wide  by  7  feet  high. 
It  should  be  10  X  12  feet.  In  the  dust-chamber  near 
the  furnaces  .09  ounce  was  indicated;  near  the 
stack  it  ran  .16  oimce.     The  flue  was  known  to  have 
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an  imperfect  draft.  The  decreased  pressure  was  due 
to  leaks  from  a  defective  arch.  An  accurate  manom- 
eter will  indicate  leaks  in  the  flue,  obstructions  on 
the  inside,  and  any  other  irregularities.  In  another 
flue  the  reading  was  .035  near  the  furnace,  and  .16 
near  the  stack.  The  draft  on  other  hand-roasters, 
with  a  different  stack,  varied  from  .03  to  .10  ounce. 
The  disparity  between  a  furnace  having  .10  ounce 
and  another  with  only  .25  ounce  draft  is  quite 
marked,  when  is  considered  the  fact  that  the  draft  of 
each  is  caused  by  the  same  stack.  A  casual  inspec- 
tion disclosed  the  cause  of  the  trouble,  a  sudden  rise 
in  the  flue.  Hitherto  a  dip  was  believed  to  be  bad ; 
this  indicated  what  sharp  rises,  angles,  and  turns 
would  produce.  The  sudden  up-rise  was  then  en- 
tirely removed  and  the  smoke  allowed  to  flow  freely 
into  the  stack.  This  change,  simple  and  inexpensive, 
produced  striking  results.  The  net  gain  on  one  fur- 
nace was  almost  threefold.  Since  there  were  four 
furnaces  on  one  side  of  the  stack,  and  five  on  the 
other,  some  equalization  was  necessary  to  have  all 
as  nearly  even  in  draft  as  possible.  This  was  accom- 
plished by  inserting  a  damper. 


154  LEAD-SMELTING. 

ON   MECHANICAL   ROASTERS. 

Valuable  results  were  obtained  by  tests  on  two 
mechanical  roasting  furnaces  of  the  Brown  type. 
The  pressures  showed  a  decided  inequality  of  draft. 
The  importance  of  a  damper  to  control  each  furnace, 
instead  of  one  large  damper  in  the  common  flue,  was 
developed.  On  the  stack  side  of  a  common  damper 
was  found  a  draft  of  .4  of  an  ounce  greater  than  the 
hitherto  observed  in  any  flue  or  stack.  The  draft 
was  nearly  twice  as  strong  there  as  at  the  stack.  In 
the  fire-box  of  one  furnace  there  was  .027  ounce;  on 
another,  only  .014  ounce,  or  about  half.  By  the 
use  of  the  manometer  a  large  obstruction  was  found 
in  the  up-take  flues  of  the  imperfect  furnace,  the 
removal  of  which  vastly  increased  the  draft.  The 
furnace  nearest  the  stack  had  the  lead.  The  draft 
on  the  upper  floor  was  strong  enough,  but  the  heat 
was  too  rapidly  withdrawn  from  the  down-take 
flue.  By  enlarging  some  openings,  throttling 
others,  and  whitewashing  the  outside,  the  worst 
furnace  was  converted  into  the  best.  The  entry  of 
air  to  the  roasting  hearths  was  regulated  and  the 
cause  of  the  trouble  removed. 
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On  the  furnace  side  of  the  common  damper  there 
was  .17  ounce  draft ;  on  the  other  side,  .4  ounce.  To 
correct  the  fault  |-inch  steel  dampers  were  inserted 
on  each  of  the  two  down-take  flues,  which  removed 
the  smoke  from  the  top  floor.  By  careful  regulation 
of  these  dampers  the  fuel  bill  was  materially  less- 
ened, the  ore  was  roasted  better,  and  the  product 
increased.  Close  fitting  doors  on  the  sides  of  each 
furnace  increased  the  draft.  The  manometer  proved 
there  was  much  loss  of  heat  through  the  side  walls, 
and  indicated  that  the  bricks  were  very  porous.  The 
main  flue  was  8  feet  wide  and  5^  feet  to  the  spring  of 
the  arch.  At  a  distance  in  the  flue  of  about  100  feet 
from  the  roasters  the  temperature  was  503°  F.,  and  a 
draft  of  .33  ounce ;  the  velocity  was  1420  feet  a  min- 
ute; the  volume  of  gases  passing  a  minute  was 
56,800  cubic  feet.  This  indicated  a  tremendous 
loss  of  heat.  The  flue  was  built  under  ground,  but 
owing  to  the  extreme  velocity  little  dust  was  col- 
lected. It  is  important  to  have  a  proper  draft  on  all 
kinds  of  metallurgical  furnaces;  it  is  also  quite  as 
essential  that  the  dust-chambers  be  large.  A  veloc- 
ity of  200  to  400  feet  a  minute  is  required  for  the 
outgoing    gases    in  roasting  flues,  but    this  should 
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never  be  exceeded.  In  practice  the  velocity  is 
generally  greater,  but  where  the  draft  is  dependent 
on  a  stack,  and  the  flow  of  the  gases  is  rapid,  dust- 
losses  will  be  correspondingly  large.  Pits  beneath 
the  floor  are  suggested;  but  care  should  be  taken 
not  to  interfere  with  the  draft.  The  efficiency  of 
all  mechanical  roasters  is  largely  dependent  on  the 
draft ;  a  fact  duly  emphasized  by  these  tests. 

ON    REFINING    FURNACES. 

It  is  especially  important  to  have  a  sharp  draft  on 
furnaces  used  for  refining  gold  and  silver.  What 
the  draft  was  on  a  number  of  furnaces  used  for  re- 
fining bullion  by  the  Parkes'  process  is  here  shown. 
In  the  fire-boxes  of  the  two  softening  furnaces  .047 
and  .05  ounce  vacuimi  pressure  was  found,  and  .05 
ouQce  in  the  fire-box  of  the  antimony  furnace.  In 
the  common  flue  there  was  a  sharp  draft ;  the  aver- 
age of  six  determinations  taken  at  various  intervals 
along  the  flue  gave  .438  ounce.  This  is  far  above 
the  average,  and  would  be  too  great,  unless  it  were 
supplied  with  a  regulating  damper.  In  the  fire-boxes 
of  lead  refining  furnaces  was  found  a  draft  of  .034 
ounce.     This  is  believed  to  be  ample.     There  were 
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eleven  Faber  du  Faur  retort  furnaces  attached  to  a 
common  flue,  and  the  reading  along  it  varied  .13  to 
.16  ounce  to  the  square  inch.  The  draft  increased 
as  its  source  was  approached.  The  draft  of  the 
retort  furnaces  is  quite  insufficient,  especially  where 
coke  is  used  for  heating  the  retorts,  and  practical 
experience  teaches  that  it  should  be  doubled.  If  it 
were  two  or  three  times  sharper  the  coke  would  be 
utilized  better ;  the  heat  being  greater,  the  operation 
would  proceed  much  quicker,  the  recovery  of  metal- 
lic zinc  materially  increased,  and  fewer  retorts  used. 
These  statements  are  advanced  to  show  the  im- 
portance of  frequent  checking  of  the  draft.  There 
should  be  .25  to  .35  ounce  pressure  back  of  the  cupel 
and  concentration  furnaces.  While  most  of  the 
smoke  of  these  was  removed,  some  was  lost,  and  it 
was  found  to  be  rich.  Lengthening  the  flue  will  not 
satisfactorily  solve  the  problem.  The  scientific  way  is 
to  filter  the  fume  through  cloth. 

The  draft  in  the  fire-box  of  the  concentrator  was 
.033  ounce,  and  of  the  cupel,  .028  ounce.  As  the 
heat  from  these  furnaces  is  great,  the  flues  should 
be  large.  The  smallest  flue  should  be  4  feet  wide, 
with  a  head  clearance  of  7  feet;  and  from  this  size 
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up  to  20  feet  wide  and  25  feet  high.     Large  flues  are 
not  inconsistent  with  good  draft. 

It  would  be  well  to  have  stationed  at  various 
places  about  industrial  works  a  series  of  delicate 
manometers.  They  should  be  so  located  as  to  facili- 
tate frequent  readings. 

FUME    EXPERIMENTS. 
ON    BLAST-FURNACES. 

The  loss  of  solids  at  the  top  of  blast-furnaces  is 
a  very  important  and  far-reaching  question.  A 
measured  quantity  of  smoke  was  aspirated  from  a 
hole  in  the  base  of  the  stack,  through  a  disc  of  mus- 
lin held  between  two  large  funnels  placed  top  to  top. 
For  the  tests  76  gallons,  or  23.527777  cubic  feet, 
were  slowly  aspirated,  and  the  total  solid  contents 
of  the  smoke  were  deposited  on  the  muslin.  The 
weight  of  the  smoke  was  .0060200875  pounds ;  hence 
one  cubic  foot  contained  .000255087  pound  dust, 
and  as  the  air  entering  the  furnaces  was  at  the  rate 
of  10,000  cubic  feet  a  minute,  the  quantity  of  dust, 
smoke,  and  air  for  seven  furnaces  was  100,000,000 
cubic  feet  each  24  hours.  At  the  rate  calculated  a 
cubic  foot,  the  smoke  loss  each  day  of  24  hours  was 
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25,712  pounds,  or  12.856  tons.  This,  at  a  lead 
assay  of  60  per  cent,  and  a  silver  valuation  of  3.5 
ounces,  gives  7.7136  tons  of  lead  and  44.99  ounces 
silver  that  would  be  lost  in  the  fiime  from  seven 
blast-furnaces  in  one  day,  or  an  aggregate  of 
$139,758.50  in  one  year.  When  smelting  at  the  rate 
of  500  tons  daily  the  annual  loss  of  silver  and  lead 
will  aggregate  $150,000  to  $175,000  a  year.  This  is 
not  a  theoretical  calculation,  but  based  on  carload 
lots  of  burnt  bag-house  fume,  carefully  weighed  and 
sampled.  The  figures  refer  to  fume,  not  dust.  The 
dust  may  be  collected  in  long  chambers,  but  the 
fume  cannot.  The  most  satisfactory  method  for 
the  collection  of  fume  free  from  sulphuric  acid  is 
the  bag-house, 

The  quantity  of  flue-dust  varies  1.5  to  3.5  per 
cent,  of  the  ores  smelted,  and  this  fluctuates  accord- 
ing to  the  size  of  the  individual  particles,  to  the 
blast-pressure,  whether  the  furnaces  are  hanging, 
and  possibly  to  other  causes.  The  size  and  type  of 
furnace-top  influences  the  quantity  of  dust  pro- 
duced ;  the  use  of  charcoal  increases  it. 

The  total  sulphur  in  the  dust  was  6.23  per  cent., 
and  a  careful  examination  revealed  0.64  per  cent,  in 
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combination  as  a  sulphate;  therefore  5.59  per  cent, 
remains  as  a  sulphide. 

The  most  satisfactory  results  can  be  obtained  by 
fusing  the  dust  and  fume  in  a  reverberatory  furnace 
and  collecting  the  fume  at  the  bag-house.  No 
difficulty  is  encoimtered  in  fusing  dust  produced  by 
blast-furnaces  in  any  good  reverberatory  fusing- 
fumace.  The  dust  collected  immediately  back  of 
the  blast-furnaces  always  fuses  harder  than  the  dust 
collected  some  distance  from  them;  indeed  it  may 
be  stated  broadly  that  both  dust  and  fume  fuse 
easier  the  further  removed  from  the  blast-furnaces. 
To  produce  a  readily  fusible  mixture  it  is  best  to 
mix  the  dust  collected  near  the  blast-furnace  with 
that  caught  some  distance  from  it.  The  fume  col- 
lected at  bag-houses  fuses  with  great  ease,  particu- 
larly so  when  burned.  A  proper  furnace  for  this 
operation  is  provided  with  a  deep  bottom,  a  suit- 
able fire-box,  and  a  well  regulated  furnace-throat. 
There  is  no  difficulty  in  fusing  24  to  60  tons  a  day. 
The  fused  product  is  well  adapted  to  blast-furnaces. 
Fusion  without  collecting  the  resulting  fume  by 
cloth  is  not  advised.     Dust-chambers  of   whatever 
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length  will  not  save  this  fume,  and  the  fact  cannot 
be  too  strongly  emphasized. 

After  the  bag-house  fume  has  been  burnt  tnere 
need  be  but  small  mechanical  loss.  Its  fusibility- 
is  due  to  the  presence  of  arsenic  and  lead  oxide. 

Experiments  covering  a  period  of  seven  years 
prove  that  it  is  unwise  to  waste  the  fume  arising 
from  fusing  blast-furnace  dust.  The  two  most 
dependable  tests  are  here  given :  In  one  case  experi- 
ment showed  an  annual  loss  for  one  fusing-fumace 
of  $4300 ;  the  second  gave  a  net  loss  on  one  furnace 
for  one  year  of  $6000.  Experiment  No.  2  was  con- 
ducted under  conditions  more  favorable,  and  the 
results  are  therefore  believed  nearer  the  actual  loss ; 
possibly  too  low.  All  prior  experiments  showed 
there  was  an  annual  loss  on  each  furnace  running 
constantly  of  $7,000  to  $10,000. 

A  number  of  experiments  were  made  to  ascertain 
the  commercial  loss,  by  actually  weighing  for  a  long 
period  the  dust  entering  the  furnace,  that  which 
came  out  of  it,  and  taking  into  consideration  the 
assay  value  of  the  raw  and  fused  product.  But  in 
every  case  the  result  was  misleading,  owing  to  the 
great  furnace  absorption;    also  the  inability  to  fix 
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on  the  actual  dust  collected  in  the  stacks,  pipes, 
flues,  and  chambers;  the  multiplicity  of  weights 
likewise  were  found  fruitful  sources  of  error.  The 
experiment  did  show,  however,  that  i6  per  cent,  in 
weight  was  lost  by  fusing.  Three  experiments 
proved  conclusively  that  if  the  burnt  bag-house 
fume  is  quickly  fused  in  a  reverberatory  furnace 
the  loss  will  be  quite  small.  Three  other  tests 
showed  a  daily  loss  of  $9.  The  average  composi- 
tion of  the  fume,  as  a  resultant  of  fusing  the  bag- 
house  burnt  fume,  was  as  follows:  Gold,  none;  sil- 
ver, 1.75  ounces  a  ton;  lead,  32.4  per  cent. ;  sulphur, 
ii.o  per  cent.;  zinc,  3.9  per  cent.;  arsenic,  0.64  per 
cent.  When  the  lead  percentage  diminishes  in  the 
bag-house  fume  the  zinc  increases,  and  the  arsenic 
becomes  troublesome,  because  it  ignites  easily.  The 
burnt  fume  should  occasionally  be  fused  in  a  rever- 
beratory furnace,  and  the  arsenical  fimies  allowed 
to  escape,  or  be  caught  in  a  special  bag-house.  There 
is  no  difficulty  in  saving  this  arsenical  product. 

At  one  time  it  was  thought  to  treat  the  burnt 
bag-house  fume  by  smelting  it  in  the  blast-furnace 
with  coke  and  slag,  and  allowing  it  to  escape,  thus 
expelling  the  arsenic.     It  is  true  more  arsenic  is 
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eliminated  in  this  way  than  when  fused  in  a  rever- 
beratory  furnace,  yet  the  lead  loss  in  blast-furnaces 
IS  very  great  if  the  fume  is  not  saved.  When  the 
fume  bums  well  the  individual  particles  are  large 
and  firm,  the  product  showing  little  arsenic,  and  the 
percen1:age  of  lead  60  per  cent.  Then  it  should  be 
put  on  the  ore-beds  and  smelted  along  with  other 
ore.  To  smelt  the  burnt  fume  on  a  blast-furnace, 
using  the  maximum  quantity  on  the  charge,  is  not 
good  practice,  as  shown  by  two  experiments,  as 
follows:  Through  a  hole  in  the  down- take  pipe  the 
fume  was  collected  on  a  muslin  filter,  using  a  barrel 
aspirator.  This  showed  a  daily  loss  of  t^.t,  tons  fume, 
containing:  gold,  none;  silver,  six- tenths  ounce  a 
ton;  lead,  51.3  per  cent.;  arsenic,  8.8;  sulphur,  6.5; 
zinc,  7.1. 

The  financial  loss  was  $63  a  day.  This  expensive 
mode  causes  great  irregularities,  due  to  rapid  growth 
of  wall  accretions. 

ON   ROASTER   SMOKE. 

Here  are  given  the  results  of  a  number  of  experi- 
ments made  on  roaster  smoke. 

There  was  withdrawn  from  the  dust-chamber  an 
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integral  portion  of  the  smoke,  accomplished  with 
a  6-inch  pipe  leading  to  a  small  fan  making  2270 
revolutions  a  minute.  This  was  forced  into  a  cotton 
bag,  and  in  twenty  minutes  the  sulphuric  acid  ate 
holes  through  it.  A  woollen  bag  was  destroyed  in 
two  and  one  half  hours. 

In  another  experiment  quick-lime  was  selected 
as  a  suitable  absorbent  for  sulphuric  acid.  A  box 
was  fitted  with  wooden  shelves,  alternately  attached 
to  the  sides,  extending  nearly  across.  A  pipe  led 
from  the  box,  and  to  the  end  was  attached  a  woollen 
bag.  The  quick-lime  absorbed  part  of  the  sulphuric 
acid,  and  the  less  corrosive  gases  passed  through. 
The  test  lasted  four  hours ;  the  bag  was  destroyed. 

The  volume  of  smoke  escaping  from  two  roaster 
stacks  was  75,714  cubic  feet  a  minute,  deter- 
mined by  measuring  the  chamber  and  ascertaining 
the  velocity  with  an  anemometer.  The  volume  of 
smoke  removed  by  the  fan  was  269  cubic  feet. 
Hence  there  was  a  distinct  ratio  between  the  experi- 
mental quantity  and  the  total  smoke.  These  veloc- 
ities, multiplied  by  the  area  in  square  feet  of  section, 
gave  the  number  of  cubic  feet  a  minute.  The  per 
cent,  of  total  smoke  removed  by  the  fan  amounted 


SMOKE.  165 

to  .35529  per  cent,  of  ^|y  part.  The  average  velocity 
was  1634  feet  a  minute.  Several  things  combined  to 
make  velocity  determinations  difficult,  mainly  the 
high  temperature.  This  is  so  great  that  the  ane- 
mometer should  be  specially  made  for  the  purpose. 
The  average  velocity  of  the  gases  in  the  chamber  was 
529  feet  a  minute.  The  velocity  in  the  6-inch  pipe 
gave,  as  a  mean  of  three  experiments,  1369  feet  a 
minute.  The  average  results  of  three  experiments, 
calculated  in  tons  lead,  ounces  silver  and  gold,  and 
tons  dust,  with  the  assay,  were  as  understated: 
458.3  tons  lead;  10,040.2  ounces  silver;  69.55 
ounces  gold;  or,  11 40  tons  fume  lost  a  year,  which 
gave  an  average  assay  of  8.8  ounces  silver;  .063 
ounces  gold,  and  40.20  per  cent.  lead.  The  treat- 
ment charges  a  ton  was  $8.77.  During  the  experi- 
ments the  fuse-boxes  were  running.  Later  experi- 
ments showed  the  loss  was  very  much  greater  with 
fuse-boxes  than  with  cintering  furnaces.  The  aver- 
age analysis  of  the  dust  collected  by  the  three 
experiments  was  as  understated:  silica,  0.87  per 
cent. ;  iron,  1.70  per  cent. ;  zinc,  3.87  per  cent. ;  lead, 
40.20  per  cent.;  free  sulphuric  acid,  5.15  per  cent.; 
combined  sulphuric  acid,   16.41  per  cent.;  sulphur 
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(as  sulphides) ,  0.41  percent.;  arsenic,  4.65  per  cent. 
The  experiments  proved  it  is  impossible  to  use 
cloth  to  collect  smoke  from  roasting  furnaces.  They 
also  suggested  the  use  of  a  solution  of  sulphide  of 
sodium  or  calcium,  passing  the  smoke  through  it 
to  precipitate  lead,  gold,  and  silver. 

Straw,  either  coarsely  woven  or  in  thick  layers, 
was  tried.  It  was  expected  the  enamel-like  coating 
would  withstand  the  corrosive  action  of  the  acid. 
It  was  readily  acted  on,  and  the  freedom  from  knap 
showed  it  to  be  a  poor  filterer.  The  knap  on  muslin 
and  flannel  plays  an  important  part  in  collecting 
fume.  Several  experiments  showed  that  straw 
simply  served  as  a  partial  obstructor,  retaining  not 
more  than  10  per  cent,  of  the  solids.  Cocoa  matting 
caught  25  per  cent.  The  cost  of  cocoa,  even  in  the 
raw  state,  however,  would  preclude  its  use.  It  was 
partially  destroyed. 

The  fume  was  forced  through  a  2 -foot  coke  column 
12  feet  high.  A  tower  was  constructed  of  seven 
24-inch  sewer-pipe  tiles.  A  wooden  grating  sup- 
ported the  coke,  the  larger  pieces  at  the  bottom, 
the  smaller  at  the  top.  An  ejector  was  used  capable 
of  discharging  30,000  cubic  feet  of  smoke  an  hour. 
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with  a  pressure  of  45  pounds  steam.  It  was  started 
with  80  pounds.  The  velocity  of  the  smoke  through 
the  6 -inch  pipe  was  1665  feet  a  minute.  The  appara- 
tus, therefore,  was  running  at  a  rate  of  22,620  cubic 
feet  an  hour.  The  theoretical  estimate  of  30,000 
feet  is  made  with  no  obstructions.  The  coke 
column  was  assumed  to  cause  none.  After  running 
24  hours  the  velocity  of  the  smoke  through  the 
pipe  was  found  to  be  only  444  feet  a  minute,  show- 
ing the  coke  was  clogged.  On  taking  the  tower 
apart  the  bottom  was  completely  obstructed  by 
fume.  The  coke  was  moist  and  adhesive  from  free 
sulphuric  acid.  At  a  height  of  5  feet  the  coke  ap- 
parently retained  no  fume.  When  the  exhaust  was 
working  there  was  a  shower  of  fine  condensed  steam 
mixed  with  sulphate  of  lead.  In  the  coke  was  found 
2.4  per  cent,  lead,  but  since  the  velocity  varied  from 
1 165  to  444  feet  a  minute,  it  was  impossible  to  deter- 
mine the  exact  velocity.  In  another  experiment 
seven  tiles  were  used,  and  the  coke  was  9  feet  high ; 
the  velocity  of  fume  1645  feet  a  minute.  Sulphate 
of  lead  still  escaped  as  a  fall  of  mist  in  the  steam.  In 
another  experiment  the  velocity  showed  1 1 04  feet  a 
minute.     This  was  evidence  of  the  rapid  clogging 
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of  the  coke.  The  next  day  the  anemometer  showed 
no  current  whatever  in  the  pipe.  The  fact  that  the 
fume  passed  through  columns  of  coke  9  and  12  feet, 
and  only  a  part  caught,  showed  that  little  fume  was 
collected  by  the  coke;  the  material  stopped  was 
mainly  dust,  not  fume.  The  foregoing  experiments 
indicated  the  impracticability  of  collecting  with 
dry  coke  fume  from  furnaces  roasting  ores. 

A  third  experiment  was  made :  water  was  sprayed 
over  the  top  of  the  coke.  The  injector  was  placed 
in  the  inlet  pipe.  The  fume  held  in  suspension  in 
the  water  passed  through  the  cotton-cloth  filterer, 
demonstrating  its  impracticability.  It  would  be 
feasible  to  use  a  filter-press,  obtaining  sulphate  of 
lead  in  a  form  easily  handled,  when  it  could  be 
charged  into  blast-furnaces.  It  might  be  a  vexa- 
tious problem  how  to  dispose  of  the  acid  water. 

The  next  experiment  was  running  water  on  the 
fume,  unaided  by  any  solid  collecting  agent.  The 
apparatus  consisted  of  a  tin-box  5  feet  high  and  24 
inches  square,  provided  with  projecting  shelves 
alternately  from  opposite  sides,  and  extending 
nearly  across.  These  were  inclined  slightly  down- 
ward.    There  were  three  inlets  at  the  top  for  water, 
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and  a  discharge  below.  As  the  smoke  entered  the 
bottom  3  jets  of  water  entered  the  top  at  the  rate 
of  2  gallons  a  minute.  It  trickled  over  the  shelves 
through  the  ascending  smoke.  The  smoke  was 
passed  through  a  woollen  bag,  and  the  quantity  col- 
lected was  found  to  be  but  10  per  cent,  of  the  total 
fume  in  the  smoke,  showing  that  the  action  of 
water  collected  90  per  cent.,  and  contained  solid 
fume  in  suspension. 

Another  experiment  made  with  the  same  tin  box 
showed  a  loss  of  only  5  per  cent.  The  amount  of 
water  used  in  this  was  25  per  cent,  less  than  the 
former.  The  water  running  from  the  box  had  a 
milky  appearance,  due  to  lead  sulphate.  It  appears 
from  the  foregoing  that  water  will  abstract  solid  matter 
in  smoke  from  roasting -furnaces.  The  5  per  cent, 
loss  can  be  lessened  by  longer  contact  with  water. 
Obviously  it  would  seem  possible  to  base  an  indus- 
trial operation  for  collecting  roaster  smoke  by  using 
water  sprays.  The  corrosive  action  of  the  acid,  and 
interference  with  the  draft,  are  difficulties  to  be  con- 
sidered. The  smoke  should  not  be  sprayed  with 
water  until  it  has  passed  through  fans,  in  order  to 
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prevent  corrosion  and  attachment  of  fume  to  the 
blades. 

Many  experiments  were  tried  by  spraying  for 
filtering  the  finely  divided  lead  sulphate  held  in 
suspension  in  water.  Sand,  charcoal,  and  other 
porous  substances  were  tried  with  indifferent  suc- 
cess. 

Some  experiments  were  made  on  the  collection  of 
fume  made  by  mechanical  roasters.  It  was  forced 
into  a  flannel  bag  28  feet  long,  at  a  uniform  velocity, 
for  148  hours.  It,  as  well  as  the  pipe,  became  hot 
near  the  fan,  and  a  rent  several  inches  long  was  dis- 
covered a  few  inches  from  it.  The  results,  although 
highly  interesting,  were  allowed  to  stand  for  several 
years ;  they  were  then  repeated  and  it  was  found  the 
fume  could  be  collected  for  two  or  three  days,  some- 
times for  a  longer  period;  but  under  no  circum- 
stances would  the  hag  last  a  week.  It  is  evident 
fume  of  mechanical  roasters  contains  less  free 
sulphuric  acid  than  the  hand-roasting  furnaces. 
The  sulphates  formed  by  mechanical  furnaces 
are  greater  than  with  hand  roasters.  The  numer- 
ous fire-boxes  of  the  former  emit  heated  carbon 
particles   and    mix    with    sulphuric  acid,  reducing 
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it  to  sulphurous  acid  not  injurious  to  cloth.  If 
a  sooty  flame  is  maintained  at  the  end  of  the  fur- 
nace, there  may  be  little  difficulty  in  filtering  roaster 
smoke  through  cloth.  The  same  object  could  De 
accomplished  with  fans  forcing  fume  through  incan- 
descent carbon.  Experiments  were  made  along 
these  lines  years  ago  and  failed.  Since  then,  how- 
ever, gigantic  strides  in  the  development  of  fans 
and  blowers  have  been  made,  and  it  would  now  seem 
a  simple  problem  to  force  roaster  smoke  through 
layers  of  incandescent  carbon  and  collect  the  fume 
in  a  bag-house.  The  ultimate  solution  will  be  in  the 
collection  of  fume  in  a  dry  state.  Experiments  were 
made  with  this  end  in  view;  on  a  cintering  furnace 
there  was  used  for  settliag  the  fume  170  feet  of  20- 
inch  sheet-iron  pipe,  connected  with  a  lo-inch  pipe. 
The  smoke  was  discharged  into  a  woollen  bag  5  feet 
long  and  withdrawn  from  the  dust-chamber  with 
a  lo-inch  Sturtevant  fan.  The  experiment  lasted 
five  days ;  a  number  of  bags  were  used.  A  woollen 
bag  lasted  on  an  average  four  hours,  but  retarded 
the  flow  of  smoke.  The  bags  caused  the  fan  to 
chum  the  air,  and  did  not  deliver  properly.  As 
soon  as  the  meshes  of  cloth  were  filled  the  fabric  ivas 
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destroyed.  In  two  experiments  90  pounds  of  fume 
were  caught,  containing:  Au,  0.14  ounce;  Ag,  13 
ounces;  Pb,  16  per  cent.;  SiO,  6.0  per  cent.;  Fe, 
II. o  per  cent.;  S,  16.0  per  cent.;  Cu,  0.3;  As,  0.7 
per  cent.;  Sb,  trace;  Zn,  2.5  per  cent.;  valued  at 
$4700  for  one  year  on  one  furnace.  The  cintering 
furnaces  showed  an  annual  loss  of  $2200  in  two 
other  experiments  where  the  fume  was  filtered 
through  woollen  bags.  All  of  this  fume  was  settled 
in  the  pipe,  and  was  not  caught  by  the  bags.  Instead 
of  using  so  long  a  pipe,  in  the  next  experiment  only 
40  feet  of  20-inch  pipe  was  used  and  the  smoke 
allowed  to  discharge  into  the  air;  hence  it  was 
simply  a  settling  and  cooling  experiment.  Sixty 
pounds  of  dust  were  collect^.d.  This  demonstrated 
■  that  it  would  be  possible  to  withdraw  the  fume  from 
roasters  by  fans  and,  force  it  through  a  series  of  cool- 
ing pipes,  radiating  the  heat,  causing  a  collection 
of  nearly  all  the  fume.  A  fan  or  blower  could  force 
atmospheric  air  across  the  pipes,  which,  becoming 
heated,  could  be  used  for  heating  office  buildings, 
drying  ore,  and  other  industrial  purposes.  Great 
economy  would  result  from  the  use  of  this  heated 
air    if    forced    into    tuyeres    of   blast-furnaces.      A 
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temperature  could  be  attained  ranging  from  350°  to 
400°  F.  Air  below  the  freezing-point  is  often  un- 
wisely used  during  the  winter  months  at  many 
plants.  It  is  possible  to  handle  heated  gases,  vapors, 
or  fume  by  fans  or  blowers.  In  one  instance  the 
temperature  was  so  great  the  sides  of  the  fan  as- 
sumed a  dull- red  color  without  permanent  injury. 
The  blades  are  not  rapidly  corroded  by  heated 
gases.  Numerous  experiments  at  various  times 
have  been  made  with  different  metals  by  hanging 
them  in  dust-chambers  and  flues  of  roasting-fur- 
naces,  and  there  was  found  scarcely  any  corrosive 
action  on  any  of  the  metals.  In  some  cases  the  ex- 
posure was  protracted.  It  would  seem  compara- 
tively easy  to  construct  a  fan  suitable  for  handling 
this  smoke. 

The  velocity  of  the  gases  at  the  base  of  a  brick- 
roaster  stack  was  850  feet  a  minute.  The  stack 
was  7  feet  internal  diameter,  80  feet  high;  the  flues 
were  small,  and  the  draft  was  much  impaired  by 
leaks,  old  age,  and  poor  mortar.  In  another  brick 
stack  87  feet  high  and  7  feet  diameter,  the  velocity 
was  1355  feet.  During  a  number  of  years  the  tem- 
perature at  the  base  of  these  stacks  ranged  from 


1 74  LEAD-SMELTING. 

600°  to  750°  F.  This  accentuates  the  stupendous 
quantity  of  horse-power  escaping  through  stacks. 
When  the  loss  of  gold,  silver,  and.  lead,  through 
highly  heated  and  rapidly  moving  fume,  is  thought- 
fully considered,  the  crudeness  of  many  metallurgi- 
cal operations  is  emphasized.  At  the  main  flue  of 
mechanical  roasters  a  temperature  of  1400°  F.  was 
foimd;  at  the  base  of  the  sheet-iron  stack  the  tem- 
perature was  1375°  F.  Where  the  fume  entered 
the  dust-chamber  of  a  hand  roaster  a  temperature 
of  1650°  was  observed. 

Greater  metallurgical  losses  occur  by  fusing  than 
by  cintering.  Fuse-boxes  have  therefore  been  dis- 
carded. It  will  be  interesting  to  give  some  facts 
verifying  this  statement.  The  exhaust-pipes  en- 
tered the  furnace  behind  the  fuse-box.  The  dis- 
charge from  the  fan  led  into  a  bag.  There  was  136 
feet  of  pipe  in  the  suction,  40  feet  in  the  discharge. 
The  experiment  lasted  six  days,  and  the  bag  was  not 
injured.  It  caught  135  pounds  of  dust  containing: 
Au,  trace;  Pb,  45.20  per  cent.;  As,  3.68  per  cent.; 
SO3,  15.40  per  cent.;  Ag,  23.0  ounces;  Zn,  6.30  per 
cent.;  Sb,  1.82  per  cent.;  S,  6.30  per  cent.  The 
gross  annual  loss  for  each  fuse-box  was  $7780. 
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The  chief  metallurgical  losses  that  occur  in  treat. 
ing  gold,  silver,  and  lead  ores  are:  Loss  through 
smoke  and  slag;  loss  through  smoke  of  roasting- 
fumaces;  loss  through  smoke  in  refining  metals. 
The  successful  installation  of  the  bag-house,  for  col- 
lecting fume  from  furnaces  smelting  lead,  gold,  and 
silver  ores,  marks  the  greatest  step  taken  in  metal- 
lurgy during  the  century. 

The  losses  through  the  slag  are  now  virtually 
overcome  by  the  use  of  slag-settlers.  The  saving  of 
those  passing  off  in  the  fume  of  roasting-fumaces 
is  yet  to  be  achieved.  It  is  a  pleasure,  however, 
to  supplement  the  literature  on  this  subject,  and  to 
indicate  lines  of  thought  that  may  aid  in  the  solu- 
tion of  the  vexatious  problem. 

Inspection  of  a  number  of  lead -smelteries  in  the 
the  Southwest  disclosed  the  fact  that  little  attention 
was  paid  to  dust-chambers.  The  erroneous  idea 
prevails  that  little  dust  and  fume  is  produced  by 
hand  roasters,  and  that  values  are  small.  The 
Bruckner  cylinders  produce  more,  but  the  quantity 
has  been  greatly  decreased  by  lessening  the  revolu- 
tions. In  operating  the  Thompson-White  inclined 
cylinder  furnace,  slightly  more  than   15  per  cent. 
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sometimes  passed  into  the  chambers;  in  the  Stete- 
feldt  furnace  the  loss  occasionally  reaches  30  per 
cent.  Hand  roasters  produce  less  dust  than  me- 
chanical furnaces.  All  types  of  the  latter,  where  the 
ore  is  constantly  stirred  by  ploughs  and  paddles, 
produce  more  than  Bruckner  cylinders  if  the  revo- 
lutions are  not  great.  Dust-chambers  in  connection 
with  roasting-fumaces  should  be  at  least  12  feet 
wide  and  10  feet  high.  When  constructed  of  sheet 
iron,  the  minimum  diameter  should  be  7  feet;  12 
may  safely  be  used. 

The  smoke  should  have  a  velocity  of  200  to  400 
feet  a  minute.  Slow  speed  does  not  lessen  the  draft 
of  furnaces  if  the  stack  or  fan  be  ample.  A  fan 
produces  the  most  reliable  draft,  as  heat,  cold,  wind, 
rain,  and  snow  does  not  interfere  with  regularity. 
When  chambers  are  large  and  long,  it  is  possible 
to  save  most  of  the  dust,  but  to  save  fume  from 
roasters  by  this  method  is  not  possible.  Lead  losses 
in  roasting  argentiferous  lead  ores  vary  2  to  7  percent. ; 
but  they  are  largely  dependent  on  the  quantity  of  lead 
in  the  charge  and  the  degree  of  heat  employed.  There 
is  an  appreciable  loss  of  silver,  however,  even  under 
the  most  favorable  conditions.     The  more  intense  the 
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heat  the  greater  the  loss.  It  is  practicable  to  allow 
8  per  cent,  sulphur  to  remain  in  the  roasted  ore  and 
if  the  hot  material  is  quickly  transferred  to  a  f using- 
fumace  and  melted  with  a  quick,  sharp  flame,  the 
fume  can  be  collected  by  straining  through  cloth. 

To  roast  well,  the  crushed  sulphides  should  pass 
through  a  four-mesh  screen.  Anything  finer  is  not 
commended. 

Roasting  and  cintering  at  a  low  temperature,  with 
a  proper  admixture  of  lead  ores,  produces  a  coarse 
product,  but  this  will  not  materially  check  the  speed 
of  blast-furnaces. 

A  table  of  metals,  arranged  according  to  their 
decreasing  affinity  for  sulphur,  follows:  Palladium, 
mercury,  silver,  copper,  bismuth,  cadmium,  anti- 
mony, tin,  lead,  zinc,  nickel,  cobalt,  iron,  arsenic, 
thalium,  and  manganese.  If  the  table  is  used  only 
for  metals  that  concern  lead-smelters,  the  following 
is  obtained:  Silver,  copper,  antimony,  lead,  zinc, 
iron,  and  arsenic. 

In  the  early  metallurgy  of  Colorado  partially 
dried  pine  wood  was  used  almost  entirely  for  roast- 
ing with  good  results,  especially  where  the  arch  was 
high  at  the  fire-box.     A  brick  apron  was  sometimes 
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run  out  from  the  bridge- wall  to  prevent  cintering  the 
ore  by  great  heat.  Later  lump  coal  was  used.  As 
competition  for  ores  became  sharper  and  the  mar- 
gins less,  a  mixture  of  lump  and  nut  coal,  and  finally- 
bituminous  slack,  served  every  purpose.  Ocean 
steamer  grate-bars  with  |-inch  air  spaces  are  prefer- 
able for  roasting-  and  fusing-fumaces.  Different 
grades  of  coal  may  be  safely  used  with  these.  In 
both  hand  and  mechanical  roasting,  fuel  is  one  of 
the  chief  items  of  expense  and  should  be  care- 
fully watched.  The  cost  of  coal  for  one  ton  of  ore 
roasted  varies  from  50  cents  to  $1.25.  Producer- 
gas  can  be  successfully  used  for  roasting.  Ores 
containing  8  per  cent,  sulphur  have  been  roasted 
to  0.2  per  cent,  with  it.  Crude  oil  can  also  be  suc- 
cessfully used  for  roasting  and  cintering. 

ON    REFINERY    FUME. 

Fume  arising  from  furnaces  in  the  Parkes  process 
for  separating  silver  and  gold  from  lead  will  be  here 
treated.  That  produced  by  different  methods  has 
the  same  general  characteristics — light  in  color, 
often  fluffy,  and  composed  of  various  oxides  and 
sulphates.     It  can  only  partially  be  saved  by  flues. 
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Great  length  necessarily  increases  savings.  The 
chambers  should,  be  wide  to  lessen  velocity ;  numer- 
ous devices  have  proven  inadequate.  Filtering 
this  fume  through  cloth  is  a  complete  solution  of  the 
problem.  Frequently  retorts  and  refining  kettles 
crack,  causing  appreciable  loss.  There  should  be 
a  division  of  the  several  varieties  of  smoke  collect- 
ible by  cloth.  There  should  be  a  separate  bag- 
house  for  blast-furnace  smoke,  and  nothing  should 
he  allowed  to  interfere  with  it.  Bag-houses  should, 
indeed,  be  provided  for  all  valuable  smoke. 

The  fume  for  several  of  the  described  tests  was 
collected  by  aspirating  a  small  portion  through  cloth 
held  between  the  rims  of  two  glass  funnels.  The 
velocity  of  the  gases  was  measured  by  an  anemome- 
ter, but  owing  to  heat  the  readings  were  often  diffi- 
cult and  results  sometimes  problematical.  More 
satisfactory  conclusions  were  reached  through  the 
use  of  a  water-motor  belted  to  a  small  exhaust-fan ; 
it  drew  the  smoke  from  the  flue  and  forced  it  through 
a  bag.  If  temperature  will  permit,  a  correct  reading 
and  accurate  results  are  obtained.  A  small  electric 
motor  also  was  used,  but  found  more  expensive. 

Losses  from  softening-furnaces  were  not  so  large 
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as  from  cupel  and  concentration  furnaces.  Cupel 
fumes  are  heavy,  rich,  and  easily  collected.  The 
muslin  was  uninjured  and  proved  a  perfect  filterer. 
The  cupel  and  concentrator  fume  has  been  saved 
at  a  bag-house.  That  from  softening- furnaces 
should  be  allowed  to  escape  through  stacks,  unless 
saved  by  a  special  bag-house.  Tests  were  made  to 
ascertain  the  annual  fume  loss  from  the  combined 
concentrator  and  cupel  flues.  The  most  reliable 
showed  an  annual  loss  of  $3800.  Quantity  and 
value  of  refinery  fume  varies  widely. 

ON    BOILER   SMOKE. 

In  order  accurately  to  ascertain  the  chemical  com- 
position of  solid  particles  that  pass  off  in  smoke  of 
boilers,  and  at  the  same  time  obtain  quantitative 
results,  the  following  experiments  were  made:  The 
smoke  was  withdrawn  from  a  flue  into  which  six 
tubular  boilers  of  100  horse-power  each  were  dis- 
charging smoke.  The  smoke  used  was  aspirated 
from  the  flue  by  means  of  barrels  of  known  capacity 
filled  with  water  and  filtered  through  muslin.  By 
carefully  noting  the  time,  the  number  of  barrels  of 
water  used,  and  the  velocity  of  escaping  gases,  it  was 
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easy  to  arrive    at    quantitative    results.     The  six 
boilers,  in  burning  30  tons  slack  coal,  lost  0.4  of  a  ton 
of  soot,  which,  on  ignition,  left  5.7  per  cent.  ash.   Of 
the  solids  collected,  94.3  per  cent,  was  combustible. 
Analysis  of  the  ash  of   the  boiler  smoke  gave: 
silica,  67.80;    iron,  0.66;  sulphur,  0.18;    lime,  4.00; 
magnesia,   0.90;    barium,    none.     As    the    analysis 
was  made  solely  for  commercial  purposes  it  was  not 
complete.       Several  tests  were  made  to  ascertain 
if  the  soot  when  mixed   with  flue-dust  from  lead 
blast-furnaces  could  be  made  to  adhere.     When  10 
per  cent,  of  this  soot  is  mixed  with  flue-dust  the 
mixture  bums  slowly,  but  the  combustion  is  com- 
plete; when  15  per  cent,  or  more  of  soot  is  used  it 
bums  freely.     So  far  as  the  dust  is  concerned  there 
was  not  a  sufficient  coherence  on  which  to  base  an 
industrial  operation,  but  there  might  be  uses   to 
which  it  could  be  applied,  if  saved  on  a  large  scale. 
The  feasibility  of  saving  carbon  lost  in  coke  ovens 
has  also  been  demonstrated.     The  arrangement  of 
the  ovens  in  long  rows  would  render  an  industrial 
operation  practicable,  since  the  smoke  would  merely 
have  to  be  withdrawn  by  fans,  cooled  and  forced 
through  cloth,  as  in  the  manufacture  of  zinc  oxide 
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To  filter  the  smoke  from  large  plants  in  thickly 
populated  cities  by  the  use  of  cloth,  or  from  several 
plants  in  close  proximity,  should  involve  no  serious 
engineering  problem. 

The  dingy  and  iminviting  appearance  of  so  many 
cities,  both  in  Europe  and  America,  is  directly 
traceable  to  smoke.  The  idea  suggests  itself  of 
using  fans  instead  of  stacks,  filtering  the  smoke 
through  cloth.  Heavy,  coarse,  unbleached  muslin 
is  one  of  the  best  filtering  substances  known,  par- 
ticularly when  mixed  with  wool. 

Dr.  John  Tyndall  and  other  British  scientists  used 
both  cotton  and  wool,  loosely  and  in  fabric  form. 
Eminent  biologists  of  Europe  and  America  have  used 
cloth  for  filtering  gases  to  remove  particles  in  sus- 
pension. The  simplest,  cheapest,  and  most  practi- 
cable way  of  purifying  air  for  mines,  tunnels,  hos- 
pitals, theatres,  and  shops  is  to  filter  it  through 
cloth. 

Tests  with  slack  coal  showed  that  1.33  per  cent,  of 
solids  were  lost  through  the  stack.  With  lump  coal 
the  loss  would  not  be  so  high,  and  with  the  hard 
varieties  its  loss  would  be  still  less. 

Basing  the  coal  consumption  of  Denver  Colorado 
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at  500,000  tons  annually  and  the  average  loss  at 
.7  per  cent.,  3500  tons  of  unconsumed  coal  would 
pass  into  the  atmosphere  in  a  year.  The  coal  loss 
may  be  ascertained  by  multiplying  the  quantity 
consumed  by  .7.  This  closely  approximates  the 
percentage  of  loss  through  smoke. 

Mr.  William  M.  Barr,  in  a  valuable  work  on  com- 
bustion, says:  "Smoke  is  regarded  as  a  product  of 
incomplete  combustion.  In  its  widest  application 
it  is  made  to  include  all  the  products  of  combustion 
issuing  from  the  chimney.  If  the  combustion  of 
coal  was  perfect,  the  escaping  gases  would  be  invisi- 
ble. Very  few  analyses  of  smoke  are  on  record,  but 
from  our  knowledge  of  combustion  of  coal,  and  of 
the  products  of  the  chemical  union  of  oxygen  with 
its  several  constituents,  we  may  easily  conjecture 
a  qualitative  composition  of  the  escaping  gases, 
though  the  precise  quantities  of  each  may  be  im- 
known.  In  smoke  there  are  fine  particles  of  solid 
carbon  which  reflect  light,  and  it  is  this  property 
which  renders  them  visible.  If  these  particles  of 
carbon  were  not  present,  the  remaining  products 
would  be  invisible.  Whatever  that  quantity  of 
coloring  matter  in  the  smoke  as  seen  escaping  from 
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the  chimney,  it  is  to  be  regarded  as  so  much  fuel 
irrevocably  lost.  The  solid  carbon  passing  off  in 
this  manner  is  often  a  considerable  quantity,  hut  the 
actual  percentage  is  almost  always  overstated.  Some- 
times furnaces  are  so  badly  constructed  that  chim- 
neys leading  from  them  are  almost  constantly  pour- 
ing into  the  atmosphere  a  volume  of  gases,  which,  to 
judge  from  appearances  merely,  would  seem  to  be 
half  carbon,  or  that  half  the  coal  fed  into  the  fur- 
nace was  passing  off  unconsumed.  This  mistaken 
notion  as  to  the  percentage  of  carbon  present  has 
been  so  generally  overstated  that  devices  for  burning 
smoke  have  been  offered  by  the  most  absurd  claims 
in  regard  to  their  efficiency  as  smoke  consumers,  and 
the  great  saving  of  coal  to  be  effected  in  the  event 
of  their  adoption.  What  is  needed  is  not  so  much 
a  smoke-consuming  as  a  smoke-preventing  furnace; 
one  which  shall  be  so  designed  that  any  fuel  rich  in 
hydrocarbon  can  be  completely  burned  in  the  fur- 
nace proper,  or  within  the  chamber  containing  the 
incandescent  fuel." 

Another    recognized  authority  says:    "Notwith- 
standing the  prevailing  impression  as  to  the  great 
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losses  due  to  the  formation  of  smoke,  the  actual 
waste  is  comparatively  insignificant." 

This  is  in  strict  accord  with  the  experiments  noted, 
and  harmonizes  with  the  assertions  of  Barr ;  but  the 
author  last  quoted  confirms  his  position  by  some 
carefully  conducted  experiments  made  by  Mr.  J.  C. 
Hoadley.  These  showed  that  the  total  of  solid 
particles  passing  ofT  in  smoke  amount  to  little  more 
than  .2,2,  per  cent.,  and  that  about  one- sixth  of  i  per 
cent,  of  the  black  smoke  is  carbon. 

These  tests  have  been  verified  in  France  by 
Scheurer-Kestner  and  Meunier,  both  of  whom  found, 
under  different  conditions,  that  the  actual  carbon 
lost  as  smoke  particles  ranged  from  .5  to  i  per  cent., 
based  on  the  quantity  of  coal  consumed. 

With  a  knowledge  of  these  facts  the  reader  may 
safely  conclude  that  the  loss  of  carbon  in  solid  form 
will  be  .  7  per  cent. 

The  Spanish-American  war  demonstrated  the 
tremendous  importance  of  forced  draft.  This  feat- 
ure of  the  equipment  of  American  vessels  was  a 
potent  factor  in  determining  the  fate  of  the  enemy's 
fleet.  Boilers  of  war-ships  should  not  emit  the 
slightest  trace  of  black  smoke. 
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THE   BAG-HOUSE. 

By  the  term  bag-house  is  meant  a  structure  pro- 
vided with  woollen  or  cotton-cloth  bags  for  filtering 
and  collecting  various  kinds  of  fume.  It  is  custom- 
ary to  force  it  from  the  inside  to  the  outside  of  the 
bag,  30  feet  long  and  18  inches  wide  when  distended. 
Circular  bags  are  strongest  and  have  the  maximum 
surface  exposure.  It  is  immaterial  whether  the 
gases  are  forced  into  the  top  or  bottom,  both  methods 
being  employed.  Where  oxide  of  zinc  is  manufac- 
tured the  main  delivery  pipe  should  have  branches, 
and  on  the  bottom  of  the  pipe  thimbles,  to  which 
are  attached  bags  1 8  inches  in  diameter  and  of  vary- 
ing lengths.  These  extend  down  to  the  floor,  and 
the  oxide  removed  from  time  to  time. 

A  painstaking  examination  of  various  patents  and 
the  literature  concerning  them  show  that,  under 
proper  conditions,  lead  is  quite  volatile ;  that  galena 
ores  are  readily  volatilized ;  that  sulphate  of  lead  is 
also  volatile;  that  the  carbonate,  oxide,  phosphate 
(especially  chloride,  bromide,  and  iodide)  readily 
go  into  fume,  the  solids  of  which  may  be  recovered. 
Filtration  through  cloth  or  other  textile  fabric  is  the 


SMOKE.  187 

only  method  the  success  of  which  has  been  fully  in- 
dicated by  long  experience  and  practical  tests. 

By  the  term  flue- dust  is  meant  all  solid  particles  of 
appreciable  size  in  the  products  of  combustion.  It 
can  be  settled  in  long  chambers,  but  neither  lead  nor 
any  other  fume  can  be  settled  entirely  by  any  sys- 
tem of  chambers  devised.  Fume  is  vaporized  metals 
and  metaloids,  and  the  individual  particles  are  so 
small  that  most  of  it  is  lost  from  the  chimney  where 
flues  and  chambers  alone  are  used. 

The  rationale  of  the  so-called  bag-house  is  to 
collect  volatile  matter  by  withdrawing  smoke  with 
an  exhaust  fan,  and  forcing  it  through  a  textile 
fabric.  The  fume  is  arrested  by  the  cloth,  but  the 
gaseous  portion  passes  through  it  in  an  invisible 
state.  The  tops  of  the  bags  are  not  sewed  but 
pleated,  and  tied  with  an  ordinary  string  or  wire 
which  serves  to  hang  the  bag  perpendicularly. 

One  of  the  most  important  advances  in  metallurgy 
during  the  century  is  the  collection  of  fume  and  dust 
by  straining  through  cloth.  Various  patents  have 
been  issued  covering  the  use  of  cloth  for  the  collec- 
tion of  values  from  smoke.  The  importance  of 
familiarity  with  all  of  these  need  scarcely  be  sug- 
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gested.  It  was  long  recognized  that  lead  losses 
were  sustained,  and  that  the  quantity  varied  from 
8  to  1 6  per  cent,  in  a  year's  operation.  The  only 
way  to  reach  a  definite  conclusion  was  by  practical 
demonstration — the  building  of  a  bag-house.  This 
involved  consideration  of  a  multiplicity  of  details. 
The  equipment  included  one  200-horse-power  en- 
gine, two  lo-footfans,  three  80-horse-power  boilers, 
one  electric-light  dynamo,  and  a  large  water-tank. 

Before  the  bag-house  was  built  tests  showed  there 
was  lost  in  24  hours  from  7  to  12  tons  metallic  lead; 
subsequent  operations  confirmed  these  tests.  In- 
deed the  daily  saving  in  metallic  lead  was  greatei' 
than  shown  by  experiments.  The  works,  as  origi- 
nally constructed,  had  only  a  short  flue  connecting 
with  a  stack  8  feet  in  diameter  and  125  feet  high; 
later  there  was  built  an  extension  of  200  feet,  and 
a  return  of  200  feet  to  the  stack;  this  extension  was 
12  feet  wide  and  10  feet  high,  and  in  a  few  months 
paid  cost  of  construction.  Owing  to  the  increasing 
size  of  the  plant  it  was  found  that  the  125-foot  stack 
was  inadequate,  and  the  dust-chambers  too  short. 
For  a  long  time  it  was  debatable  whether  it  were  best 
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to  build  long  dust-chambers  or  a  bag-house.  Fortu- 
nately the  latter  was  adopted. 

The  foundation  already  built  for  the  stack  was 
utilized  for  two  lo-foot  fans.  The  main  line  shaft 
was  driven  from  the  engine  fly-wheel  by  a  leather 
belt ;  each  fan  w^as  run  by  a  belt  from  it,  which  had 
a  bolted  flange  coupling,  so  that  either  one  or  both 
could  be  run  at  the  same  time.  Numerous  tests 
showed  that  nothing  was  gained  by  running  both, 
as  the  air  was  simply  churned  and  no  better  suction 
produced.  At  a  speed  of  45  to  52  revolutions 
the  engine  produced  the  best  results. 

On  starting  it  was  found  the  main  principles  had 
been  observed,  and  while  some  changes  were  neces- 
sary the  bag-house  was  a  distinct  success.  The 
shafting  of  the  fan  was  not  sufficiently  supported; 
hence  longer  and  stronger  journal-boxes  were  pro- 
vided. It  was  deemed  best  to  make  a  heavy  cast- 
iron  pillow-block,  and  some  adjustment  of  the  fan- 
pulleys  were  necessary.  The  pipe  leading  from  the 
fans  was  enlarged  from  7  to  8  feet.  Sharp  turns 
and  deflecting  plates  in  this  pipe  were  removed. 
The  inlet  to  the  fans  was  cramped  for  handling 
220,000  cubic  feet  of  smoke  a  minute. 
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A  curved  brick  floor  reasonably  close  to  the  fan- 
blades  is  strongly  advised.  From  the  fans  to  the 
bag-house  the  round  delivery-pipes  should  be 
straight  and  larger  than  shown  by  calculations. 
A  pipe  8  to  lo  feet  diameter,  with  frequent  circular 
clean-out  holes  in  the  bottom,  is  preferred.  These 
should  be  7  feet  apart,  measured  from  the  centre, 
2  feet  in  diameter,  and  closed  by  tying  on  a  bag  of 
heavy  duck  cloth;  the  sacks  should  be  sufficiently 
long  to  reach  to  one  foot  of  the  floor,  and  the  smoke 
prevented  from  issuing  through  them  by  tying 
together  closely  near  the  thimble.  This  pipe  should 
be  No.  8  sheet-steel,  and  braced  with  f-inch  vertical 
and  horizontal  rods.  Heavily  paint  it  on  the  inside 
as  well  as  on  the  outside.  Ammoniacal  gases  effect 
the  chief  wear  of  the  interior.  It  is  held  by  two 
upright  rails,  placed  opposite  on  an  incline,  each 
resting  on  a  stone  block  3  feet  square  and  12  inches 
thick,  flush  with  the  pavement.  The  pipe  rests 
loosely  in  a  cradle  formed  by  a  semicircular  bar  of 
iron,  ^  X  8  inches  wide,  riveted  to  the  upper  slightly 
bent  ends.     The  supports  should  be  1 2  feet  apart. 

To  the  fume-rooms  there  should  be  3  foot  circular 
inlet  pipes  controlled  by  dampers.     The  damper- 
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rod  has  a  circular  disc  placed  looseiy  on  it.  When 
it  is  forced  in  with  a  vigorous  push  the  disc  fits 
tight  against  a  ground  cast-iron  ring.  It  has  no 
tendency  to  become  loosened,  owing  to  pressure  of 
internal  gases.  There  is  an  open  space  of  at  least 
14  inches  between  the  fume-room  and  pipe- thimbles. 
The  opposite  ends  are  connected  by  a  heavy  cloth 
pipe  securely  wired.  It  is  occasionally  necessary 
to  clean  the  thimbles.  If  continuous,  the  pipe  will 
not  allow  for  expansion,  and  cleaning  will  be  diffi- 
cult. The  value  of  close-fitting  valves  is  important 
to  health. 

Occasionally  the  fume  in  the  rooms,  the  pipes, 
and  fans  will  be  found  on  fire.  When  such  trouble 
arises  shut  down  the  blast-furnace  and  clean  out 
the  fume-rooms  and  pipes  as  fast  as  possible. 
Deposit  the  burning  fume  on  the  pavements  and 
"allow  it  there  to  smoulder.  These  fires  do  not 
blaze  and  produce  a  black  smoke;  it  is  white;  at 
rare  intervals  it  assumes  a  yellowish  tinge  when 
the  fiime  contains  much  arsenic.  This  fire  hums 
without  flame.  It  may  be  likened  to  the  burning  of 
punk.  Sometimes,  when  a  furnace  is  blown  in  or 
out,  the  heat  becomes  so  great  as  to  cause  the  fume 
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to  ignite.  As  the  dust  particles  become  larger  the 
fire  travels  more  slowly  and  irregularly,  and  finall)'- 
goes  out  altogether.  The  dust  back  of  the  blast- 
furnaces, because  of  the  size  of  the  particles,  and  be- 
cause there  is  only  a  small  amount  of  fume  at  this 
point,  rarely  takes  fire.  It  is  the  sulphur  that  hums; 
the  fires  are  mot  due  to  carbon,  as  there  is  only  a  small 
quantity  either  in  the  dust  or  in  the  fume.  The  heavy 
dust  particles  collect  near  the  furnace;  the  fume 
at  a  considerable  distance.  The  fire  starts  remote 
from  the  furnace,  creeps  backward  slowly,  and  for- 
ward rapidly,  and  then  slowly  goes  out.  The  re- 
sultant dark  gray  powder  is  loosely  adherent; 
toward  the  bag-house  it  grows  harder.  The  fume 
that  collects  in  the  pipes,  looo  feet  from  the  blast- 
furnaces, is  almost  pure  sulphide  of  lead,  and  the 
color  is  not  due  to  carbon.  To  prevent  the  spread 
of  fire  in  dust-chambers,  build  brick  cross-walls  from 
9X12  inches  thick  and  3  feet  high,  200  feet  apart, 
so  the  product  may  be  cleaned  on  each  side.    , 

The  cause  of  these  fires  is  often  obscure : 
(a)  Too  great   heat   from   the   blast-furnaces:    the 
igniting-point  was   350°  F.,  the  presence  of 
much  arsenic  lowers  it. 
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{h)  A  spark  from  tne  blast-furnaces. 
{c)  Spontaneous  ignition. 
{d)  Static  electricity. 

{e)  Heat  generated  by  the  sudden  arrest  of  parti- 
cles   travelling  at    a    high  velocity.     At  an 
abrupt  rise  in  the  pipe  fires  often  originated. 
(/ )  Accumulation  or  confinement  of  heat.     In  the 
bag-house  fires  invariably  start  on   the   side 
nearest  the  delivery-pipe,  and  usually  near  the 
bottom  of  the  clean-out  door.     Incipient  fire 
often  was  observed  by  removing  one  of  the 
doors. 
When  a  fire  starts  in  one  fume-room  it  generally 
will  spread  to  the  others.     If  the  fume  is  not  deep 
it  bums  in  a  loose  form,  when  3  feet  and  upwards, 
in  a  hard  compact  form,  along  the  outer  edges  it  has 
a  slightly  grayish  color.     The  burnt  product  is  a  mix- 
ture of  oxide  and  sulphate  of  lead.     Firmness,  com- 
pactness, and  a  dark  color    due  to  lead  sulphide, 
characterize  the  centre.    . 

It  is  best  to  allow  the  fume  to  accumulate  to  a 
height  of  4  feet  in  the  rooms  before  ignition.  When 
the  heat  is  not  allowed  freely  to  escape,  by  too  in- 
frequent shaking  of  the  bags,  fires  are  more  numer- 
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ous.  There  should  be  a  sufficient  number  of  bags 
so  that  one  good  shaking  in  24  hours  will  suffice. 
With  insufficient  filtering  area  it  sometimes  be- 
comes necessary  to  shake  the  bags  during  the  night. 
All  the  fume  collected  at  the  bag-house  is  pur- 
posely burnt  sooner  or  later.  Let  it  accumulate 
thirty  to  sixty  days,  then  close  the  dampers,  take 
down  the  door  at  each  end,  and  set  it  on  fire.  When 
600  tons  of  ore  is  treated  in  24  hours  there  should 
be  three  bag-houses,  each  with  18  fume-rooms  8  feet 
wide,  15  feet  high,  and  60  feet  long.  Leave  60  feet 
between  the  bag-houses.  Have  a  repair-shop  in 
close  proximity.  With  ample  filtering  area  fires 
will  rarely  occur  and  will  be  more  easily  controlled. 
When  the  inlet-pipes  are  3  feet  in  diameter  fires 
become  less  frequent,  A  comparison  of  pressures, 
using  a  2 -foot  and  a  3 -foot  delivery-pipe' to  the  fume- 
rooms,  is  as  understated : 

2-Foot  Pipe,  3-Foot  Pipe. 

Draft  at  gate,  near  fan -35  oz.  .45  oz. 

Draft  at  fan .38  oz,  .51  oz. 

Pressure  beyond  fan .32  oz.  .41  oz. 

Total  pressure .70  oz.  .92  oz. 

Volume  of  fume  passing 105,000  cu,  ft,  126,900  cu.  ft. 

Work  accomplished  by  fan 661, 500ft, -lbs,  1,050,632 ft. -lbs. 

Power  of  engine 120  99 

Efficiency i6|  per  cent.  32  per  cent. 

Pressure  in  delivery  pipe 0.195  oz.  0.40  oz. 

Average   pressure    of    18  fume- 

rooma 0.173  oz.  0,341  oz. 
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The  efiRciency  may  be  doubled  by  increasing  the 
diameter  of  the  inlet-pipes  from  2  to  3  feet.  The 
unbumt  fume  at  first  runs  from  70  to  72  per  cent, 
metallic  lead;  and  the  burnt  fume  contains  from  65 
to  68  per  cent.  By  frequent  resmelting,  however, 
on  blast-furnaces  it  will  decrease  to  30  per  cent, 
lead,  due  to  zinc  and  arsenic.  When  the  lead  in  the 
burnt  fume  is  below  50  per  cent,  treat  it  separately 
by  fusing  in  a  deep-bottomed  reverberatory  furnace, 
allowing  arsenical  fumes  to  escape  into  the  air,  or  be 
caught  in  a  separate  bag-house.  It  is  surprising  how 
easily  burnt  fume  fuses.  Frequently  it  melts  before  a 
fresh  charge  can  be  inserted.  The  fused  product  is  in 
a  compact  form  for  blast-furnaces.  It  is  thin  and 
powerfully  corrosive,  the  oxide  of  lead  eating  the  fur- 
nace-walls. Holding  in  the  furnace  such  a  large  mass 
of  molten  lead  sulphide  necessarily  occasions  much 
absorption.  When  it  is  run  into  iron  trays  coated  with 
marl,  it  will  pass  through  the  smallest  crack,  adhere 
to  the  trays,  and  the  spouts  soon  become  corroded, 
owing  to  arsenic  and  antimony.  When  the  lead  in 
the  burnt  fume  is  reduced  by  the  presence  of  zinc, 
arsenic,  and  antimony,  permit  it  to  accumulate 
thirty  days,  when  it  should  be  fused.     Otherwise 
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fires  frequently  occur.  As  the  percentage  of  arsenic 
increases  the  fume  is  more  easily  fused  and  has  a 
lower  igniting-point. 

In  hot  weather  fires  are  more  frequent.  An  im- 
portant feature  is  an  abundance  of  filtering  area. 
Shake  the  bags  twice  daily. 

Introducing  water  when  blowing  in,  blowing  out, 
or  dropping  down  a  furnace,  is  bad ;  moisture  makes 
the  bags  clammy  and  sulphuric  acid  is  formed, 
which  cuts  and  renders  them  worthless.  A  small 
water  spray,  however,  is  necessary  to  protect  the 
iron.  The  dust  back  of  the  blast-furnaces  should 
be  fused.  The  resulting  fume  is  easily  and  com- 
pletely saved  in  a  bag -house;  but  that  from  roast- 
ing-fumaces,  or  any  other  dust  or  fume  containing 
much  sulphates,  should  not  be  fused  and  allowed 
to  go  to  the  bag-house,  because  iron  sulphate,  by 
the  application  of  heat,  is  decomposed,  producing 
sulphuric  acid,  which  destroys  the  bags. 

A  few  holes  at  the  top  of  the  delivery-pipe  will 
admit  light  and  air,  and  allow  gases  freely  to  escape 
when  a  fire  occurs.  The  side  doors  in  the  pipe  are 
prevented  from  leaking  by  the  use  of  magnesia 
asbestos    mixture.     Those    of    the   bag-house    are 
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cemented  with  a  thick  magma  of  unbumt  fume. 
There  is  great  danger  of  asphyxiation  at  the  top  of  the 
hag-house  while  in  operation.  These  gases  are  prin- 
cipally carbon  monoxide,  carbon  dioxide,  sulphurous 
oxide,  and  arseniuretted  hydrogen,  with  traces  of 
many  other  gases,  such  as  sulphuretted  hydrogen, 
marsh  gas,  and  oleliant  gas.  None  of  these,  except 
sulphurous  oxide,  are  injurious  to  vegetation,  and 
the  small  quantity  of  this  becomes  widely  diffused 
with  air. 

Occasionally  there  is  an  unpleasant  odor  from  the 
bag-house,  the  cause  of  which  is  not  apparent.  It 
has  a  sweet,  nauseating  smell,  and  sometimes  pro- 
duces headache. 

For  the  foundation  of  the  bag-house  use  hard- 
burned  brick;  use  gray  lime  mortar  to  the  sheet- 
iron  floor.  Especial  pains  should  be  taken  to  fill 
the  cracks  in  all  the  walls  up  to,  and  slightly  higher 
than,  the  iron  floor.  Above  the  floor-line  the  build- 
ing may  follow  the  common  mode  for  other  struc- 
tures ;  but  to  the  iron  floor  use  three  stretchers  and 
a  header  course.  The  floors  of  the  fume-rooms 
should  rest  on  light,  strong,  brick  arches,  spanning 
the  entire  width.     This  is  necessary  to  keep    the 
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floors  cool.  When  a  deep  bed  of  fume  is  burned, 
the  side  walls  and  floor  become  much  heated. 
Hence  there  should  be  a  sufficient  number  of  rooms, 
so  that  five  to  seven  of  them  may  be  unused  during 
the  burning  of  the  fume  without  undue  strain  on  the 
bags.  The  rooms  should  remain  unused  until  the 
floors  are  cool.  Floors  that  cool  rapidly  sometimes 
are  made  of  hollow  tiles.  Still  it  is  a  great  desidera- 
tum to  have  a  cheap,  simple  floor,  that  will  radiate 
heat  rapidly.  Sheet-iron  floors  are  not  serviceable 
for  fume-rooms,  neither  would  floors  of  cast-iron  be 
good,  inasmuch  as  the  sulphide  of  lead  adhere. 
The  surface  of  the  floor  should  be  level,  and  made  of 
hard,  smooth,  paving  brick.  A  flat  course  answers 
the   purpose. 

The  floor  to  which  the  bags  are  attached  is  con- 
structed of  No.  8  sheet-steel.  The  bags  are  tied 
with  2 -inch  muslin  strips,  long  enough  to  go  around 
four  times.  An  expansion  joint  in  the  metal  floor 
is  unnecessary. 

The  bags  should  be  arranged  in  three  blocks  of 
twenty-seven  each,  so  the  shakers  can  reach  them 
conveniently.  The  principle  wear  takes  place  near 
the  thimbles  and  3  feet  above  them.     It  is  unneces- 
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sary  to  have  all  made  of  flannel,  because  of  the  cost. 
But  when  there  is  much  heat  and  a  considerable 
quantity  of  sulphurous  and  sulphuric  acid  ic  is 
cheaper  to  use  a  bag  made  entirely  of  flannel. 
Wool  dyed  with  titanium  chloride  effectually  with- 
stands mineral  acids.  It  is  probable  that  flannel 
dyed  with  chloride  of  titanium  will  eventually  be 
used  for  the  solution  of  the  roaster  fume  problem. 
Titanium  stained  wool  may  prove  of  great  benefit 
at  bag-houses,  in  connection  with  pyritic  smelting, 
at  copper  works,  and  obviously  at  other  places 
where  corrosive  fume  is  produced.  The  cloth  used 
in  a  bag-house  should  be  carefully  considered.  For 
filtering  the  fume  from  lead  blast-furnaces  use 
muslin.  Any  of  the  different  kinds  of  muslin  that 
have  been  used  by  the  manufacturers  of  oxide  of 
zinc  will  be  found  sufficient  for  filtering  the  fimie  of 
lead  smelters. 

Above  the  centre  of  the  thimbles  there  are  hooks 
to  which  the  bags  are  attached.  The  upper  ends 
are  tied  with  No.  14  annealed  iron  or  copper  w4re. 
The  wired  bags  are  hung  to  the  hooks  and  tied  to 
the  sheet-iron  floor  thimbles. 

Bag-shaking  is  unclean  and  unhealthy.     After  a 
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few  years'  experience  there  was  originated  a  peculiar 
method  of  protection.  The  shakers  bound  their 
heads  with  long  2 -inch  strips  of  cotton,  leaving  only 
the  eyes  and  part  of  the  mouth  exposed. 

At  each  end  of  the  bag-houses  an  inside  and  an 
outside  ladder,  made  of  oak  throughout,  should  be 
provided.  In  designing  the  most  careful  attention 
should  be  given  to  ventilation.  The  rooms  should 
never  be  cold  or  damp.  Protect  the  bags  from 
snow,  rain,  and  wind.  A  covered  wooden  walk 
around  the  outside  will  be  found  useful. 

Place  the  lower  row  of  windows  30  inches  above 
the  sheet-iron  floor  and  provide  heavy  shutters.  A 
substantial  platform  at  the  head  of  the  steps  at  each 
end  is  an  important  adjunct.  The  double  doors 
should  be  left  open  at  both  ends  of  the  loft  when  the 
weather  permits.  Attendants  should  not  linger  on 
this  platform  because  of  the  noxious  gases.  Do 
not  run  water-pipes  or  electric  wires  on  the  inside. 
Provide  ample  light,  and  along  the  sides  have  elec- 
tric screw  plug  with  flexible  cord,  and  metallic  fire- 
alarm  push-buttons  at  convenient  places.  White- 
wash all  inside  woodwork,  as  well  as  the  inside 
brickwork.     All  bolts,  rods,  washers,  and  exposed 
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iron  should  be  protected  with  one  heavy  coat  of 
graphite  paint. 

For  supporting  the  roof  place  a  double  row  of  cast- 
iron  posts  through  the  centre.  The  roof -trusses 
may  be  made  by  bolting  2X12  inch  plank  together. 
Stones  set  in  the  side  wall  support  the  trusses. 

The  roof  should  have  a  quarter  pitch  and  be  con- 
structed so  as  to  accommodate  one-inch  sheeting 
closely  laid.  On  this  lay  heavy  tarred  felting  and 
No.  24  corrugated  iron,  previously  painted  on  both 
sides  with  two  coats  of  graphite  paint.  Break  the 
joints  well  and  have  the  iron  lap  two  corrugations, 
using  copper  nails  and  lead-washers  for  the  head  of 
each  nail.  Aside  from  the  main  ventilators  along 
the  apex  it  is  necessary  to  construct  two  additional 
ventilators,  20X10  feet,  on  each  side,  using  over- 
lapped wooden  slats.  During  hot  weather  ventilate 
from  the  doors  and  windows  as  much  as  possible. 
In  sunny  weather  permit  a  few  of  the  windows  to 
be  open;  but  when  dark,  cloudy,  and  damp,  keep 
everything  closed,  except  when  the  bags  are  being 
shaken. 

In  constructing  the  bags  make  two  rows  of  double 
lock-stitch   seam,   turning  the  edges.     The   thread 
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passes  through  four  thicknesses.  The  cloth  rarely 
gives  way.  The  bags,  when  in  service,  should  not 
be  hard  and  tight,  but  have  sufficient  pressure  to 
keep  them  well  distended;  with  one  hand  it  should 
be  easy  to  squeeze  the  bag  into  folds,  entirely  closing 
off  the  ascending  fume.  Generally  speaking  this 
may  be  stated  to  be  essentially  sulphide  of  lead, 
some  sulphate  of  lead,  variable  quantities  of  oxide 
of  zinc,  and  a  minute  trace  of  sulphate  of  zinc ;  there 
is  also  present  ammonia,  iron,  and  manganese  sul- 
phates. Arsenious  oxide  is  always  present,  the 
quantity  variable;  it  rarely  runs  under  i^  per  cent., 
and  is  considered  high  when  it  reaches  5  per  cent. 
After-  burning  one  of  the  compartments  a  white 
coating  may  be  observed  on  the  surface  of  the 
burnt  fume.  This  is  composed  essentially  of 
arsenious  oxide,  and  often  large  and  beautiful 
crystals  will  be  seen  diffused  throughout  the  en- 
tire upper  mass.  Beautiful  specimens  of  red  and 
yellow  sulphide  of  arsenic  have  been  noticed.  Cad- 
mium has  not  so  far  been  found  in  this  fume.  The 
shades  of  blues  and  greens  are  due  to  the  presence 
of  copper,  a  considerable  product  of  the  bag-house. 
Fume  in  the  bessemerization  of  copper  matte  can 
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be  completely  saved  by  filtering  through  cloth. 
Dry  sulphurous  acid  will  not  destroy  the  bags,  al- 
though sulphuric  acid  will.  A  small  quantity  of 
sulphuric  acid  is  formed  when  there  is  a  mixture  of 
sulphurous  oxide  and  water.  Much  sulphurous 
acid  gas  can  be  handled  at  the  bag-house.  The 
method  of  fusing  dust  and  fume  is  rapid  and  cheap, 
and  the  product  is  in  a  coarse,  lumpy  condition  for 
blast-furnaces.  Burnt  fume  can  be  used  to  produce 
an  excellent  white  paint.  It  generally  contains  too 
much  gold  and  silver  to  allow  it  to  be  treated  except 
for  these  values.  A  list  of  fumes  that  were  saved 
follows : 

1.  Fusing  blast-furnace  dust. 

2.  Fusing  roaster  fume  (not  recommended). 

3.  Fusing  burnt  bag-house  fume. 

4.  Fusing  dust  from  chlorination  works. 

5.  Fusing  dust  from  cyanide  works. 

6.  Fume  arising  from  slag  of  blast-furnaces. 

7.  Fume  arising  from  matte. 

8.  Fume  from  blowing  air  into  molten  slag 
from  lead-furnaces  (experiment  on  laboratory 
scale) . 

9.  Fume  from  bessemerization  of  lead  matte. 
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10.  Fume  arising  from  two  large  lies  slag- settling 
furnaces. 

11.  Fume  from  production  of  matte  running  35 
to  90  per  cent,  copper. 

12.  Fume  arising  from  blister  copper. 

13.  Fume  from  refinery  concentrating  furnace. 

14.  Fume  from  cupel  furnaces. 

15.  Fume  from  silver-melting  furnaces. 

16.  Fume  from  gold-melting  furnaces. 

17.  Fume  from  retort  furnaces. 

18.  Fume  from  refining  furnaces. 

19.  Fume  from  lead-melting  furnaces. 

20.  Fume  from  antimony  furnaces. 

21.  Fume  from  softening  furnaces. 

22.  Fume  from  mechanical  roasting-fumaces 
(with  disastrous  results,  as  sulphuric  acid  rapidly 
destroyed  many  bags). 

23.  Fume  from  blast-furnace  producing  antimo- 
nial  or  hard  lead  (not  recommended). 

24.  Fume  from  blast-furnace  melting  burnt  fume 
from  bag-house  (not  recommended). 

25.  Fume  from  blast-furnaces  smelting  all  known 
varieties  of  gold,  silver,  and  lead  ores. 

From  the  above  list  will  be  seen  the  wide  range  of 
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fume  already  successfully  saved  by  filtering  through 
cloth,  although  it  is  often  inadvisable  to  mix  too 
many  kinds.  There  are  many  metallurgic  fumes 
now  going  to  waste  that  can  and  should  be  saved. 

Along  the  chamber  from  the  blast-furnaces  to  the 
bag-house  the  dust  particles  almost  disappear,  the 
deposited  material  becomes  blacker,  and  particles 
much  smaller;  finally  it  resembles  soot,  and  the 
percentage  of  sulphur  and  lead  increases.  The  dust 
back  of  the  furnaces  may  contain  as  high  as  35 
ounces  silver  a  ton,  yet  as  distance  is  reached  the 
silver  grows  gradually  less  and  the  lead  increases. 
Particularly  at  2000  feet  there  is  65  per  cent,  lead 
and  3  ounces  silver  in  the  product. 

The  fume  quietly  bums  to  harder  masses  as  dis- 
tance from  the  furnace  increases,  due  to  increased 
percentage  of  sulphur.  It  has  been  customary  to 
bum  the  pipe  fume  at  a  specially  constructed  brick- 
house.  It  is  dtimped  on  a  brick  floor  in  a  pile  3 
feet  high  and  set  on  fire.  When  burnt  the  fume  is 
loaded  into  cars  and  consigned  to  the  ore  bed,  where 
it  and  other  burnt  fume  from  the  bag-house  is  spread 
in  uniform  layers.  It  is  a  singular  fact  that  this 
pipe-fume  never  burns  as  solidly  as  the  fume  that  is 
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set  on  fire  in  the  bag-house.  The  pipe-fume,  when 
disturbed  in  the  slightest  manner,  never  burns  as  com- 
pactly as  it  would  had  it  been  set  on  fire  where  origi- 
nally deposited.  Chemical  analysis  has  not  revealed 
any  difference  between  these  fumes,  but  if  the  pipe- 
fume  is  spread  uniformly  over  the  bottom  of  one  of 
the  empty  rooms  and  fresh  fume  deposited  on  it  the 
entire  mass  will  bum  to  a  hard,  compact  mass. 
For  the  reasons  mentioned  it  is  preferable  to  put 
the  pipe-fume  into  one  or  more  of  the  empty  com- 
partments whenever  possible,  since  by  doing  so  a 
product,  harder,  firmer,  and  in  better  condition 
for  the  blast-furnace  is  produced. 

Pave  with  brick  all  vacant  spaces  about  the  bag- 
houses,  extending  the  paving  to  the  railroad  track. 
Use  hard  red  brick,  laid  row-locked  on  3  inches 
sand.  Make  the  joints  as  close  as  practicable,  and 
then  grout  the  surface  with  fresh  gray  lime  mortar, 
using  the  broom  to  thoroughly  fill  the  cracks.  A 
slight  admixture  of  good  Portland  cement  in  the 
mortar  is  commended.  This  pavement  will  soon 
pay  for  itself.  The  brooms  used  should  not  be  too 
stiff  or  heavy.     Sweeping  this  fume  is  quite  an  art. 

The  floors  of  the  fume-rooms  should  be  8  to  10 


I 


SMOKE.  207 

inches  higher  than  the  railroad  car  doors,  so  the  dust 
when  loaded  into  wheelbarrows  may  be  run  down- 
grade to  the  cars.  The  difference  in  level  from  the 
top  of  the  rails  to  the  bottom  of  the  dust-room 
should  be  3|-  feet.  Reasonably  close  to  the  track 
there  should  be  a  strong  brick  retaining-wall  about 
18  feet  from  the  sides  of  the  bag-house. 

Aside  from  bricking  there  are  two  effective  ways 
for  handling  various  kinds  of  fine  material.  One 
is  to  fuse  it  in  reverberatory  furnaces,  and  the  other 
is  to  put  it  in  one  of  the  fume-rooms  of  the  bag- 
house,  which  has  at  least  two  feet  of  fume  on  the 
bottom  scattered  as  thin  as  possible.  The  dust 
from  sampling  works,  roasting-fumaces,  blast-fur- 
naces, and  indeed  many  other  places,  can  thus  be 
boimd  together.  Various  silver  and  gold  precipi- 
tates— products  from  chlorination  or  cyanide  works 
or  elsewhere  —  can  thus  be  put  into  compact 
form. 

The  pyrometer  is  read  every  hour,  night  and  day, 
to  prevent  burning  the  bags  and  setting  the  fume 
on  fire.  The  pyrometers  are  loosely  attached  to 
the  pipe.  They  can  easily  be  removed  and  cleaned 
twice  a  week.   They  may  indicate  a  few  degrees 
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above  or  below  the  true  temperature,  yet  for  all 
practical  purposes  are  safe  guides.  Fires  are  thus 
obviated.  It  is  best  to  use  a  pyrometer  both  at  the 
fan  and  at  the  bag-house. 

Provide  a  door  near  the  mouth  of  the  fan  for 
the  introduction  of  air  to  cool  the  gases;  open  the  door 
gradually  when  there  is  a  temperature  of  300°  F.  at 
the  bag-house. 

It  is  easier  to  catch  lead-fimie  than  oxide  of  zinc 
in  bags,  because  the  former  is  more  compact.  Copper 
dust  has  been  successfully  filtered  through  bags,  as 
also  the  fume  arising  from  the  melting  of  the  precious 
metals.  The  European  type  of  dust-chamber  cannot 
be  pronounced  a  success.  Hanging  sheet-iron  plates 
in  dust-chambers  has  now  few  advocates.  Vapor  of 
mercury  and  retort  fume  have  also  been  filtered 
through  bags.  Water  is  not  a  particularly  good 
collector  of  fimie;  rape-seed  oil  is  better.  Experi- 
ments were  made  with  crude  vinegar,  and  that  was 
the  best  liquid  found. 

The  large  loss  of  zinc  at  American  works  could  be 
prevented  by  filtration  through  cloth.  Prof.  John 
Tyndall  filtered  the  air  entering  a  theatre  in  London 
through  loose  cotton,   and  collected  not  only  the 
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dust  particles,  but  also  bacteria  and  various  kinds 
of  germs. 

Charles  T.  Williams,  professor  of  chemistry  in 
Delaware  College,  as  far  back  as  1870,  wrote  a 
monograph  on  the  metallurgical  losses  of  the 
various  salts  of  lead  and  silver,  from  which  the 
following  excerpt  is  taken: 

"The  process  of  straining  the  fumes  through 
muslin  or  fine  canvas,  which  gives  such  successful 
results  in  the  collection  of  zinc  fume  or  oxide,  as 
exemplified  by  the  well-known  bag  process,  has  not 
received  from  metallurgists  the  attention  its  sim- 
plicity and  completeness  merit.  From  experiments 
made  on  a  large  scale  on  galena  ores,  both  nearly 
pure  and  containing  a  large  amount  of  blende,  the 
writer  is  satisfied  that  its  application  to  the  con- 
densation of  lead  and  other  metallic  fumes  would 
leave  little  to  be  desired.  It  seems  strange  that  it 
has  not  been  applied  to  purposes  other  than  the  mere 
saving  of  oxide  of  lead,  especially  when  the  necessity 
of  a  thorough  collection  of  metallic  fume  is  con- 
sidered." 

The  author  demonstrated  muslin  cloth  used  for 
filtering  lead  fume  should  weigh  .4  to  ,7  ounce  a 
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square  foot.  In  a  square  inch  of  the  cloth  there 
should  be  42  threads,  both  in  warp  and  woof. 

The  bag-house  is  a  tax  on  the  total  cost  of  ore 
smelted  of  8  to  10  cents  a  ton. 

Experiments  made  to  ascertain  the  action  of  heat 
on  muslin  bags  showed  that  at  212°  F.  the  cloth  was 
slightly  colored,  but  its  strength  in  no  way  weakened. 
At  257°  F.  the  cloth  became  slightly  browned,  the 
strength  not  appreciably  altered.  At  302°  F.  the 
cloth  became  much  browned  and  the  texture  weak, 
tearing  easily. 

These  experiments  were  conducted  in  a  closed-air 
bath,  the  temperature  not  varying  more  than  five  de- 
grees, and  each  lasted  one  and  one  half  to  two 
hours. 

Of  the  total  solids  passing  off  in  the  form  of 
smoke  there  was  found  37  per  cent,  dust  collected 
by  chambers,  and  63  per  cent,  fume  collected 
by  bag-house.  The  dust  always  contains  an  ap- 
preciable quantity  of  fume;  there  is  little  or  no 
dust  in  the  fume. 

The  aim  herein  has  been  to  show  how  the  stupen- 
dous values  heretofore  lost  in  smoke  can  be  saved 
by  filtering  it  through  cloth.    A  simple  statement  of 
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the  fact  might  not  to  every  mind  be  conclusive; 
but  a  detailed,  relation  of  the  evolution  of  the 
thought,  of  the  means  employed,  and  the  processes 
used  in  demonstrating  it,  should  serve  to  remove 
any  lingering  scepticism. 
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Law  of  Operations  Preliminary  to  Construction  in  Engineering  and  Archi- 
tecture  Svo, 

Sheep, 

Law  of  Contracts Svo, 

Wood's  Rustless  Coatings:   Corrosion  and  Electrolysis  of  Iron  and  Steel.  .Svo, 

Woicester  and  Atkinson's  Small  Hospitals,  Establishment  and  Maintenance, 

Suggestions  for  Hospital  Architecture,  with  Plans  for  a  Small  Hospital. 

i2mo,    I  25 
The  World's  Columbian  Exposition  of  1893 Large  4to,    i  00 


ARMY  AND  NAVY. 

Bernadou's  Smokeless  Powder,  Nitro-cellulose,  and  the  Theory  of  the  Cellulose 

Molecule i2mo,  2  50 

*  Bruff's  Text-book  Ordnance  and  Gunnery Svo,  6  00 

Chase's  Screw  Propellers  and  Marine  Propulsion Svo,  3  00 

Cloke's  Gunner's  Examiner 8vo,  i  50 

Craig's  Azimuth 4to,  3  50 

Crehore  and  Squier's  Polarizing  Photo-chronograph Svo,  3  00 

*  Davis's  Elements  of  Law Svo,  2  50 

*  Treatise  on  the  Military  Law  of  United  States Svo,  7  00 

Sheep,  7  50 

De  Brack's  Cavalry  Outposts  Duties.     (Carr.) 24mo,  morocco,  2  00 

Dietz's  Soldier's  First  Aid  Handbook i6mo,  morocco,  i  25 

*  Dredge's  Modern  French  Artillery 4to,  half  morocco,  15  00 

Durand's  Resistance  and  Propulsion  of  Ships Svo,  5  00 

*  Dyer's  Handbook  of  Light  Artillery i2mo,  3  do 

Eissler's  Modern  High  Explosives Svo,  4  00 

■•■  Fiebeger's  Text-book  on  Field  Fortification Small  Svo,  2  00 

Hamilton's  The  Gunner's  Catechism iSmo,  i  00 

*  BeS'g  filtrntatary  N«va1  lActics Svo,  x  50 


I 

50 

3 

50 

2 

00 

3 

00 

6 

00 

6 

50 

5 

00 

5 

50 

3 

00 

4 

00 

Ingalls's  Handbook  of  Problems  in  Direct  Fire 8vo,  4  00 

*  Ballistic  Tables 8vo,  i  50 

*  Lyons's  Treatise  on  Electromagnetic  Phenomena.   Vols.  I.  and  lI..8vo,  each,  6  00 

*  Mahan's  Permanent  Fortifications.    (Mercur.) 8vo,  half  morocco,  7  50 

Manual  for  Courts-martial i6mo,  morocco,  i  50 

*  Mercur's  Attack  of  Fortified  Places i2mo,  2  00 

*  Elements  of  the  Art  of  War 8vo,  4  00 

Metcalf's  Cost  of  Manufactures — And  the  Administration  of  Workshops.  .8vo,  5  00 

*  Ordnance  and  Gunnery.     2  vols i2mo,  5  00 

Murray's  Infantry  Drill  Regulations i8mo,  paper,  10 

Nixon's  Adjutants'  Manual 24mo,  I  00 

Peabody's  Naval  Architecture 8vo,  7  50 

*  Phelps's  Practical  Marine  Surveying 8vo,  2  50 

Powell's  Army  Officer's  Examiner i2mo,  4  00 

Sharpe's  Art  of  Subsisting  Armies  in  War i8mo,  morocco,  1  50 

*  Tupes  and  Poole's  Manual  of  Bayonet  Exercises  and    Musketry  Fencing. 

24ino,  leather,  50 

*  Walke's  Lectures  on  Explosives 8vo,  4  oc 

Weaver's  Military  Explos  ves 8vo,  3  00 

*  Wheeler's  Siege  Operations  and  Military  Mining 8vo,  2  00 

Winthrop's  Abridgment  of  Military  Law i2n-:o,  2  50 

Woodhu'l's  Notes  on  Military  Hygiene , i6n}0,  i  50 

Yo"ng'«  Simple  Elements  of  Navigation i6mo,  morocco,  2  00 


ASSAYING. 

Fletcher's  Practical  Instructions  in  Quantitative  Assaying  with  the  Blowpipe. 

i2mo,  morocco,  i   50 

Furman's  Manual  of  Practical  Assayirg 8vo,  3  00 

Lodge's  Notes  on  Assaying  and  Metallurgical  Laboratory  Experiments.  .  .  .8vo,  3  00 

Low's  Technical  Methods  of  Ore  Analysis 8vo,  3  00 

Miller's  Manual  of  Assaying i2mo,  i  00 

Cyanide  Process i2mo,  i  00 

Minet's  Production  of  Aluminum  and  its  Industrial  Use.      (Waldo.) i2mo,  2   50 

O'Driscoll's  Notes  on  the  Treatment  of  Gold  Ores 8vo,  2  00 

Ricketts  and  Miller's  Notes  on  Assaying 8vo,  3  00 

Robine  and  Lenglen's  Cyanide  Industry.     (Le  Clerc.) 8vo,  4  00 

Ulke's  Modern  Electrolytic  Copper  Refining.  _ 8vo,  3  00 

Wilson's  Cyanide  Processes i2mo,  1  50 

Chlorination  Process i2mo,  i  50 


ASTRONOMY. 

Comstock's  Field  Astronomy  for  Engineers 8vo,  2  50 

Craig's  Azimuth 4to,  3  50 

Doolittle's  Treatise  on  Practical  Astronomy 8vo,  4  00 

Gore's  Elements  of  Geodesy 8vo,  2  50 

Hayford's  Text-book  of  Geodetic  Astronomy 8vo,  3  00 

Merriman's  Elements  of  Precise  Surveying  and  Geodesy 8vo,  2  50 

*  Michie  and  Harlow's  Practical  Astronomy 8vo,  3  00 

*  White's  Elements  of  Theoretical  and  Descriptive  Astronomy i2mo,  2  00 


BOTANY. 

Davenport's  Statistical  Methods,  with  Special  Reference  to  Biological  Variation. 

i6mo,  morocco,     i  25 

Thome  and  Bennett's  Structural  and  Physiological  Botany i6mo,    2  25 

Westermaier's  Compendium  of  General  Botany.     (Schneider.). 8vo,    2  00 
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CHEMISTRY. 

Adriance's  Laboratory  Calculations  and  Specific  Gravity  Tables i2mo,  i  25 

Alexeyeff's  General  Principles  of  Organic  Synthesis.     (.Matthews.) 8vo,  3  00 

Allen's  Tables  for  Iron  Analysis 8vo,  3  00 

Arnold's  Compendium  of  Chemistry.     (Mandel.) Small  8vo.  3  50 

Austen's  Notes  for  Chemical  Students i2mo,  i  50 

Bernadou's  Smokeless  Powder. — Nitro-cellulose,  and  Theory  of  the  Cellulose 

Molecule i2mo,  2  50 

*  Browning's  Introduction  to  the  Rarer  Elements 8vo,  i  50 

Brush  and  Penfield's  Manual  of  Determinative  Mineralogy 8vo,  4  00 

Claassen's  Beet-sugar  Manufacture.     (Hall  and  Rolfe.) 8vo,  3  00 

Classen's  Quantitative  Chemical  Analysis  by  Electrolysis.    (Boltwood.) .  .8vo,  3  co 

Cohn's  Indicators  and  Test-papers i2mo,  2  00 

Tests  and  Reagents 8vo,  3  00 

Crafts's  Short  Course  in  Qualitative  Chemical  Analysis.    (Schaeffer.).  .  .i2mo,  i  5a 
Dolezalek's   Theory  of  the   Lead   Accumulator   (Storage   Battery).        (Von 

Ende.) i2mo,  2  50^ 

Drechsel's  Chemical  Reactions.     (Merrill.) i2mo,  i  25 

Duhem's  Thermodynamics  and  Chemistry.     (Burgess.) 8vo,  4  00 

Eissler's  Modern  High  Explosives 8vo,  4  00 

Effront's  Enzymes  and  their  Applications.     (Prescott.) Svo,  3  00 

Erdmann's  Introductic5n  to  Chemical  Preparations.     (Dunlap.) i2mo,  1   25 

Fletcher's  Practical  Instructions  in  Quantitative  Assaying  with  the  Blowpipe. 

i2mo,  morocco,  i  50 

Fowler's  Sewage  Works  Analyses i2mo,  2  oa 

Fresenius's  Manual  of  Qualitative  Chemical  Analysis.     (Wells.) 8vo,  5  00 

Manual  of  Qualitative  Chemical  Analysis.  Part  I.  Descriptive.  (Wells.)  8vo,  3  00 
System   of    Instruction    in    Quantitative    Chemical   Analysis.      (Cohn.) 

2  vols 8vo,  12  50 

Fuertes's  Water  and  Public  Health i2mo,  i  50- 

Furman's  Manual  of  Practical  Assaying 8vo,  3  oc> 

*  Getman's  Exercises  in  Physical  Chemistry i2mo,  2  00 

Gill's  Gas  and  Fuel  Analysis  for  Engineers lamo,  i   25 

Grotenfelt's  Principles  of  Modern  Dairy  Practice.     (Woll.) i2mo,  2  oa 

Groth's  Introduction  to  Chemical  Crystallography  (Marshall) i2mo,  1   25 

Hammarsten's  Text-book  of  Physiological  Chemistry.     (Mandel.) 8vo,  4  00 

Helm's  Principles  of  Mathematical  Chemistry.     (Morgan.) •. i2mo,  i  50- 

Hering's  Ready  Reference  Tables  (Conversion  Factors) i6mo,  morocco,  2  50 

Hind's  Inorganic  Chemistry 8vo,  3  rv~ 

*  Laboratory  Manual  for  Students i2mo,  i   00 

Holleman's  Text-book  of  Inorganic  Chemistry.     CCooper.) 8vo,  2  50 

Text-book  of  Organic  Chemistry.     (Walker  and  Mott.) 8vo,  2  50 

*  Laboratory  Manual  of  Organic  Chemistry.     (Walker.) izmo,  i  oa 

Hopkins's  Oil-chemists'  Handbook 8vo,  3  00 

Jackson's  Directions  for  Laboratory  Work  in  Physiological  Chemistry.  .8vo,  i  25 

Keep's  Cast  Iron 8vo,  2  50 

Ladd's  Manual  of  Quantitative  Chemical  Analysis lamo,  i  co 

Landauer's  Spectrum  Analysis.     (Tingle.) 8vo,  3  00 

*  Langworthy  and  Austen.        The   Occurrence  of  Aluminium  in  Vege'able 

Products,  Animal  Products,  and  Natural  Waters 8vo,  2   oa 

Lassar-Cohn's  Practical  Urinary  Analysis.     (Lorenz.) i2mo,  i  oa 

Application  of  Some   General   Reactions   to   Investigations  in  Organic 

Chemistry.     (Tingle.) i2mo,  1  oa 

Leach's  The  Inspection  and  Analysis  of  Food  with  Special  Reference  to  State 

Control 8vo,  7  50 

Liib's  Electrochemistry  of  Organic  Compounds.     (Lorenz.) 8vo,  3  oa 

Lodge's  Notes  on  Assaying  and  Metallurgical  Laboratory  Experiments.  ..  .8vo,  3  00 

Low's  Technical  Method  of  Ore  Analysis 8vo,  3  oa 

Lunge's  Techno-chemical  Analysis.     (Cohn. ) i2mo  i  00 
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*  McKay  and  Larsen's  Principles  and  Practice  of  Butter-making 8vo  i  so 

Mandel's  Handbook  for  Bio-chemical  Laboratory i2mo,  i  50 

*  Martin's  Laboratory  Guide  to  Qualitative  Analysis  with  the  Blowpipe.  .  izmo,  60 
Mason's  Water-supply.     (Considered  Principally  from  a  Sanitary  Standpoint.) 

3d  Edition,  Rewritten 8vo,  4  00 

E.vamination  of  Water.     (Chemical  and  BacteriologicaL) i2mo,  1  25 

Matthew's  The  Textile  Fibres 8vo,  3  50 

Meyer's  Determination  of  Radicles  in  Carbon  Compounds.     (Tingle.).  .i2mo,  i  00 

Miller's  Manual  of  Assaying i2mo,  1   00 

Cyanide  Process i2mo,  i  00 

Minet's  Production  of  Aluminum  and  its  Industrial  Use.     (Waldo.).  ...  i2mo,  2  50 

Mixter's  Elementary  Text-book  of  Chemistry i2mo,  1  50 

Morgan's  An  Outline  of  the  Theory  of  Solutions  and  its  Results i2mo,  1  00 

Elements  of  Physical  Chemistry i2mo,  3  00 

*  Physical  Chemistry  for  Electrical  Engineers i2mo,  r  50 

Morse's  Calculations  used  in  Cane-sugar  Factories i6mo,  morocco,  1  50 

MuUiken's  General  Method  for  the  Identification  of  Pure  Organic  Compounda. 

Vol.  I Large  Svo,  5  00 

O'Brine's  Laboratory  Guide  in  Chemical  Analysis Svo,  2  00 

O'DrlscoU's  Notes  on  the  Treatment  of  Gold  Ores Svo,  2  00 

Ostwald's  Conversations  on  Chemistrj'.     Part  One.     (Ramsey.) i2mo,  i  50 

•'                    "               "           "             Part  Two.     (Turnbull.) i2mo,  2  00 

*  Pecfield's  Notes  on  Determinative  Mineralogy  and  Record  of  Mineral  Tests. 

Svo,  paper,  50 

Pictet's  The  Alkaloids  and  their  Chemical  Constitution.     (Biddle.) Svo,  5  00 

Pinner's  Introduction  to  Organic  Chemistry.     (Austen.) I2m0;  i  so 

Poole's  Calorific  Power  of  Fuels Svo,  3  oc 

Prescott  and  Winslow's  Elements  of  Water  Bacteriology,  with  Special  Refer- 
ence to  Sanitary  Water  Analysis i2mo,  1  25 

*  Reisig's  Guide  to  Piece-dyeing Svo,  25  00 

Richards  and  Woodman's  Air.Water,  and  Food  from  a  Sanitary  Standpoint.  ,8vo,  2  00 
Ricketts  and  Russell's  Skeleton  Notes  upon  Inorganic   Chemistry.     (Part  I. 

Non-metallic  Elements.) Svo,  morocco,  75 

Ricketts  and  Miller's  Notes  on  Assaying Svo,  3  00 

Rideal's  Sewage  and  the  Bacterial  Purification  of  Sewage Svo,  3  50 

Disinfection  and  the  Preservation  of  Food Svo,  4  00 

Riggs's  Elementary  Manual  for  the  Chemical  Laboratory Svo,  1   25 

Robine  and  Lenglen's  Cyanide  Industry.     (Le  Clerc.) Svo,  4  00 

Rostoski's  Serum  Diagnosis.     (Bolduan.) i2mo,  i  00 

Ruddiman's  Incompatibilities  in  Prescriptions Svo,  2  o( 

*  Whys  in  Pharmacy i2mo,  i   oa 

Sabln's  Industrial  and  Artistic  Technology  of  Paints  and  Varnish Svo,  3  00 

Salkowski's  Physiological  and  Pathological  Chemistry.     (Orndorff.) Svo,  2  50 

Schimpf's  Text-book  of  Volumetric  Analysis i2mo,  2  50 

Essentials  of  Volumetric  Analysis i2mo,  x  215 

*  Qualitative  Chemical  Analysis Svo,  i  25 

Smith's  Lecture  Notes  on  Chemistry  for  Dental  Students Svo,  2  50 

Spencer's  Handbook  for  Chemists  of  Beet-sugar  Houses i6mo,  morocco,  3  o«> 

Handbook  for  Cane  Sugar  Manufacturers i6mo,  morocco,  3  00  ' 

Stockbridge's  Rocks  and  Soils Svo,  2  50 

*  Tillman's  Elementary  Lessons  in  Heat Svo,  1  50 

*  Descriptive  General  Chemistry Svo,  3  00 

Treadwell's  Qualitative  Analysis.     (Hall.) Svo,  3  oo 

Quantitative  Analysis.     (HaU.) Svo,  4  00 

Turneaxu-e  and  Russell's  Public  Water-supplies Svo,  5  00 

Van  Deventer's  Physical  Chemistry  for  Beginners.     (Boltwood.) i2mo,  1   50 

*  Walke's  Lectures  on  Explosives Svo,  4  00 

Ware's  Beet-sugar  Manufacture  and  Refining .  .Small  Svo,  cloth,  4  00 

Washington's  Manual  of  the  Chemical  Analysis  of  Rocks Svo,  2  00 
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Wassermann's  Immune  Sera :  Haemolysins,  Cytotoxins,  and  Precipitins.    (Bo\- 

duan.) ,-,„„ 

'             i2mo,  I   oo 

Weaver  s  Miliary  Explosives g^^  ,  ^^ 

Wehrenfennig's  Analysis  and  Softening  of  Boiler  Feed- Water 8vo.  /_  oo 

Wells's  Laboratory  Guide  in  Qualitative  Chemical  Analysis 8vo,  i   50 

Short  Course  in  Inorganic  Qualitative  Chemical  Analysis  for  Engineering 

Students i^^no^  j   ^^ 

Text-book  of  Chemical  Arithmetic i2mo,  1   25 

Whipple's  Microscopy  of  Drinking-water 8vo,  3  50 

Wilson's  Cyanide  Processes i2mo  i  50 

Chlorination  Process i2mo,  i   50 

Winton's  Microscopy  of  Vegetable  Foods 8vo,  7  =;o 

V/ulling's    Elementary    Course    in  Inorganic,  Pharmaceutical,   and  Medical 

Chemistry i2n,o,  2  00 


CIVIL  ENGINEERING. 

BRIDGES    AND    ROOFS.       HYDRAULICS.       MATERIALS    OF    ENGINEERING. 
RAILWAY   ENGINEERING. 

"Baker's  Engineers'  Surveying  Instruments i2mo,  3  00 

Bixby's  Graphical  Computing  Table Paper  iq}  •  24}  inches.  25 

=**  Burr's  Ancient  and  Modern  Engineering  and  the  Isthmian  Cana  .      (Postage, 

27  cents  additional.) 8vo,  3  50 

Comstock's  Field  Astronomy  for  Engineers 8vo,  2   50 

Davis's  Elevation  and  Stadia  Tables 8vo,  i  00 

Elliott's  Engineering  for  Land  Drainage i2mo,  i  50 

Practical  Farm  Drainage i2mo,  i  00 

*Fiebeger's  Treatise  on  Civil  Engineering 8vo,  5  00 

riemer's  Phototopographic  Methods  and  Instruments. 8vo,  5  00 

Folwell's  Sewerage.      (Designing  and  Maintenance.) 8vo,  3  co 

Freitag's  Architectural  Engineering.     2d  Edition,  Rewritten 8vo,  3  50 

French  and  Ives's  Stereotomy 8vo,  2  50 

Goodhue's  Municipal  Improvements i2mo,  i   75 

'  Goodrich's  Economic  Disposal  of  Towns'  Refuse 8vo,  3  50 

Gore's  Elements  of  Geodesy 8vo,  2  50 

Hayford's  Text-book  of  Geodetic  Astronomy 8vo,  3  00 

Hering's  Ready  Reference  Tables  (Conversion  Factors) i6mo,  morocco,  2  50 

Howe's  Retaining  Walls  for  Earth i2rr:o,  i   25 

*  Ives's  Adjustments  of  the  Engineer's  Transit  and  Level. i6mo,  Eds.  25 

Ives  and  Hilts's  Problems  in  Surveying i6mo,  morocco,  i  50 

Johnson's  (J.  B.)  Theory  and  Practice  of  Surveying Small  8vo,  4  00 

Johnson's  (L.  J.)  Statics  by  Algebraic  and  Graphic  Methods 8vo,  2  00 

Laplace's  Philosophical  Essay  on  Probabilities.     (Truscott  and  Emory.).  i2mo,  2  00 

Mahan's  Treatise  on  Civil  Engineering.     (1873.)     (Wood.) 8vo,  5  00 

*  Descriptive  Geometry 8vo,  i   50 

Merriman's  Elements  of  Precise  Surveying  and  Geodesy 8vo,  2  50 

TWerriman  and  Brooks's  Handbook  for  Surveyors i6mo,  morocco,  2  00 

Nugent's  Plane  Surveying 8vo,  3  50 

Ogden's  Sewer  Design i2mo,  2  00 

Parsons's  Disposal  of  Municipal  Refuse Svo,  2   00 

Patton's  Treatise  on  Civil  Engineering 8vo  half  leather,  7  50 

Reed's  Topographical  Drawing  and  Sketching 4to,  5  00 

Rideal's  Sewage  and  the  Bacterial  Purification  of  Sewage Svo,  3  50 

Siebert  and  Biggin's  Modern  Stone-cutting  and  Masonry 8vo,  i   50 

Smith's  Manual  of  Topographical  Drawing.      (McMillan.) 8vc,  2   50 

Sondericker's  Graphic  Statics,  with  Applications  to  Trusses,  Beams,  and  Arches. 

8vo,    2  00 
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Taylor  and  Thompson's  Treatise  on  Concrete,  Plain  and  Reinforceo 8vo, 

*  Trautwine's  Civil  Engineer's  Pocket-book i6mo,  morocco, 

Venable's  Garbage  Crematories  in  America 8vo, 

Wait's  Engineering  and  Architectural  Jurisprudence 8vo, 

Sheep, 
Law  of  Operations  Preliminary  to  Construction  in  Engineering  and  Archi- 
tecture  8vo, 

Sheep, 

Law  of  Contracts 8vo, 

Warren's  Stereotomy — Problems  in  Stone-cutting 8vo, 

Webb's  Problems  in  the  Use  and  Adjustment  of  Engineering  Instruments. 

i6mo,  morocco, 
Wilson's  Topographic  Surveying 8vo, 


BRIDGES  AND   ROOFS. 

BoUer's  Practical  Treatise  on  the  Construction  of  Iron  Highway  Bridges.  .8vo,  2  00 

*       Thames  River  Bridge 4to,  paper,  5  00 

Burr's  Course  on  the  Stresses  in  Bridges  and  Roof  Trusses,  Arched  Rils,  and 

Suspension  Bridges 8vo,  3   50 

Burr  and  Falk's  Influence  Lines  for  Bridge  and  Roof  Computations 8vo,  3  00 

Design  and  Construction  of  Metallic  Bridges 8vo,  5  00 

Du  Bois's  Mechanics  of  Engineering.     Vol.  II Sir  all  4to,  10  cO' 

Foster's  Treatise  on  Wooden  Trestle  Bridges 4to,  5  oo- 

Fowler's  Ordinary  Foundations 8vo,  3  50- 

Greene's  Roof  Trusses 8vo,  i   25. 

Bridge  Trusses 8vo,  2  50- 

Arches  in  Wood,  Iron,  and  Stone Svo,  2  50 

Howe's  Treatise  on  Arches 8vo,  4  00 

Design  of  Simple  Roof- trusses  in  Wood  and  Steel 8vo,  2  00 

Symmetrical  Masonry  Arches Svo,  2   50 

Johnson,  Bryan,  and  Turneaure's  Theory  and  Practice  in  the  Designing  of 

Modern  Framed  Structures Small  4to,  10  0(y 

Merriman  and  Jacoby's  Text-book  on  Roofs  and  Bridges: 

Part  I.     Stresses  in  Simple  Trusses 8vo,  2  50 

Part  IT.     Graphic  Statics 8vo,  2  s» 

Part  III.  Bridgfe  Design Svo,  2   50- 

Part  IV.    Hierher  Structures Svo,  2   50 

Morison's  Memphis  Bridge 4to,  10  00 

Waddell's  De  Pontibus,  a  Pocket-book  for  Bridge  Engineers.  .  i6rro,  morocco,  2  00 

*  Specifications  for  Steel  Bridges i2tso,  50 

Wright's  Designing  of  Draw-spans.     Two  parts  in  one  volume Svo,  3  50 


HYDRAULICS. 

Barnes's  Ice  Formation Svo, 

Bazin's  Experiments  upon  the  Contraction  of  the  Liquid  Vein  Issuing  from 

'  an  Orifice.      (Trautwine.) Svo, 

Bovey's  Treatise  on  Hydraulics Svo, 

Church's  Mechanics  of  Engineering Svo, 

Diagrams  of  Mean  Velocity  of  Water  in  Open  Channels paper. 

Hydraulic  Motors Svo, 

Coffin's  Graphical  Solution  of  Hydraulic  Problerrs i6mo,  morocco, 

Flather's  Dynamom.eters,  and  the  Measurement  of  Power lamo, 

Folwell's  Water-supply  Engineering Svo, 

Frizell's  Water-power Svo, 
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Fuertes's  Water  and  Public  Health i2mo,  i  50 

Water-filtration  Works i2mo,  2  50 

Ganguillet  and  Kutter's  General  Formula  for  the  Uniform  Flow  of  Water  in 

Rivers  and  Other  Channels.     (Hering  and  Trautwine.) 8vo,  4  00 

Hazen's  F.ltration  of  Public  Water-supply 8vo,  3  00 

Hazleliurst's  Towers  and  Tanks  for  Water-works 8vo,  2  50 

Herschel's  115  Experiments  on  the  Carrying  Capacity  of  Large,  Riveted,  Metal 

Conduits 8vo,  2   00 

Mason's  Water-supply.     (Considered  Principally  from  a  Sanitary  Standpoint.) 

8vo,  4  00 

Merrlman's  Treatise  on  Hydraulics 8vo,  5  00 

"<=  Michie's  Elements  of  Analytical  Mechanics 8vo,  4  00 

S:;huyler's   Reservoirs  for   Irrigation,   Water-power,   and   Domestic   Water- 
supply Large  8vo,  5  00 

**  Thomas  and  Watt's  Improvement  of  Rivers      (Post.,  44c.  additional. )  4to,  6  00 

Turneaure  and  Russell's  Public  Water-supplies Svo,  5  00 

Wegmann's  Design  and  Construction  of  Dams 4to,  5  00 

Water-supply  of  the  City  of  New  York  from  1658  to  1895 4to,  10  00 

Williams  and  Hazen's  Hydraulic  Tables Svo,  i  50 

Wilson's  Irrigation  Engineering !  Small  Svo,  4  00 

Wolff's  Windmill  as  a  Prime  Mover Svo,  3  00 

Wood's  Turbines Svo,  2  50 

Elements  of  Analytical  Mechanics Svo,  3  00 


MATERIALS  OF  ENGINEERING. 

Baker's  Treatise  on  Masonry  Construction Svo, 

Roads  and  Pavements Svo, 

Black's  United  States  Public  Works Oblong  4to, 

*  Bovey's  Strength  of  Materials  and  Theory  of  Structures Svo, 

Burr's  Elasticity  and  Resistance  of  the  Materials  of  Engineering Svo, 

Byrne's  Highway  Construction Svo, 

Inspection  of  the  Materials  and  Workmanship  Employed  in  Construction. 

i6mo, 

Church's  Mechanics  of  Engineering Svo, 

Du  Bois's  Mechanics  of  Engineering.     Vol.  I Small  4to, 

*Eckers  Cements,  Limes,  and  Plasters Svo, 

Johnson's  Materials  of  Construction Large  Svo, 

Fowler's  Ordinary  Foundations. . Svo, 

Graves's  Forest  Mensuration Svo, 

*  Greene's  Structural  Mechanics Svo, 

Keep's  Cast  Iron Svo, 

Lanza's  Applied  Mechanics Svo, 

Marten's  Handbook  on  Testing  Materials.     CHenning.)     2  vols Svo, 

Maurer's  Technical  Mechanics Svo, 

Merrill's  Stones  for  Building  and  Decoration Svo, 

Merriman's  Mechanics  of  Materials Svo, 

Strength  of  Materials i2mo, 

Metcalf'Li  Steel.     A  Manual  for  Steel-users i2mo, 

Patton's  Practical  Treatise  on  Foundations Svo, 

Richardson's  Modern  Asphalt  Pavements      Svo, 

Richey's  Handbook  for  Superintendents  of  Construction i6mo,  mor., 

*  Ries's  Clays:  Their  Occurrence,  Properties,  and  Uses Svo, 

Rockwell's  Roads  and  Pavements  in  France i2mo,     i  25 

Sabin's  Industrial  and  Artistic  Technology  of  Paints  and  Varnish Svo,    3  00 

Smith's  Materials  of  Machines ismo,     i  00 

Snow's  Principal  Species  of  Wood Svo,    3  50 
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Spalding's  Hydsaulic  Cement i2mo,  n  oo 

Text-book  on  Roads  and  Pavements i2mo,  2  oo 

Taylor  and  Thompson's  Treatise  on  Concrete.  Plaiaand  Reinforced 8vo,  ^  oo 

Thurston's  Materials  of  Engineering.     3  Parts 8vo,  8  00 

Part  I.     Non-metallic  Materials  of  Engineering  and  Metallurgy 8vo,  2  00 

Part  II      Iron  and  Steel 8vo,  3  50 

Part  in.     A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 

Constituents. 8vo,  2  50 

Thurston's  Text-book  of  the  Materials  of  Construction 8vo,  5  00 

Tillson's  Street  Pavements  and  Paving  Materials 8vo,  4  00 

Waddell's  De  Pontibus     (A  Pocket-book  for  Bridge  Engineers.).  .i6mo,  raor.,  2  00 

Specifications  for  Steel  Bridges i2mo,  i  25 

Wood's  (De  V.)  Treatise  on  the  Resistance  of  Materials,  and  an  Appendix  on 

the  Preservation  of  Timber 8vo,  2  00 

vVood's  (De  V.)  Elements  of  Analytical  Mechanics 8vo,  3  00 

"Wood's  (M.  P.)  Rustless  Coatings.    Corrosion  and  Electrolysis  of  Iron  and 

Steel 8vo,  4  00 


RAILWAY  ENGINEERING. 

Andrew's  Handbook  for  Street  Railway  Engineers.      .  .3x5  inches,  morocco,  i  25 

Berg's  Buildings  and  Structures  of  American  Railroads 4to,  5  00 

Brook's  Handbook  of  Street  Railroad  Location i6mo,  morocco  i  50 

Butt's  Civil  Engineer's  Field-book i6mo,  morocco,  2  ,50 

Crandall's  Transition  Curve i6mo,  morocco,  i   so 

Railway  and  Other  Earthwork  Tables 8vo,  1   so 

Dawson's  "Engineering"  and  Electric  Traction  Pocket-book     i6mo,  more  ceo,  5  00 

Dredge's  History  of  the  Pennsylvania  Railroad:    (18791 Paper,    5  00 

*  Drinker's  Tunnelling,  Explosive  Compounds,  and  Rock  Drills. 4to,  half  mor.,  25  00 

Fisher's  Table  of  Cubic  Yards Cardboard,  25 

Godwin's  Railroad  Engineers'  Field-book  and  Explorers'  Guide.  .  .  i6mo,  mor.,  2   50 

Howard's  Transition  Curve  Field-book i6mo,  morocco,  i   50 

Hudson's  Tables  for  Calculating  the  Cubic  Contents  of  Excavations  and  Em- 
bankments  8vo,  I  00 

Molitor  and  Beard's  Manual  for  Resident  Engineers.  = i6mo,  1  00 

Nagle  s  Field  Manual  for  Railroad  Engineers i6mo,  morocco,  3  co 

Philbricks  Field  Manual  for  Engineers i6mo,  morocco,  3  00 

Searles's  Field  Engineering i6mo,  morocco,  3  00 

Railroad  Spiral i6mo,  morocco,  i  50 

Taylor's  Prismoidal  Formulae  and  Earthwork.  . 8vo,  i  50 

*  Trautwines  Method  ot  Calculating  the  Cube  Contents  of  Excavations  and 

Embankments  by  the  Aid  of  Diagrams 8vo,  2  00 

The  Field  Practice  of  Laj'ing  Out  Ocular  Curves  for  Railroads. 

i2mo,  morocco,  2  50 

Cross-section  Sheet Paper,  25 

Webb  s  Railroad  Construction i6mo,  morocco,  5  00 

Economics  of  Railroad  Construction Large  i2mo,  2   50 

Welling^ton's  Economic  Theory  ot  the  Location  of  Railways Small  8vo.  5  00 


DRAWING. 

Barr's  Kinematics  of  Machinery ' 8vo  2  50 

*  Bartlett's  Mechanical  Drawing 8vo,  3  00 

*  "  "  "         Abridged  Ed 8vo,  i  50 

Coolidge's  Manual  of  Drawing 8vo,  paper,  i  00 
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Coolidge  and  Freeman's  Elements  of  General  Drafting  for  Mechanical  Engi- 
neers  Oblong  4to, 

Durley's  Kinematics  of  Machines 8vo, 

Emch's  Introduction  to  Projective  Geometry  and  its  Applications 8vo, 

Hill's  Text-book  on  Shades  and  Shadows,  and  Perspective 8vo, 

Jamison's  Elements  of  Mechanical  Drawing 8vo, 

Advanced  Mechanical  Drawing 8vo, 

Jones's  Machine  Design: 

Part  I.     Kinematics  of  Machinery 8vo, 

Part  II.     Form,  Strength,  and  Proportions  of  Parts 8vo, 

MacCord's  Elements  of  Descriptive  Geometry 8vo, 

Kinematics;   or.  Practical  Mechanism 8vo, 

Mechanical  Drawing 4to, 

Velocity  Diagrams 8vo, 

MacLeod's  Descriptive  Geometry Small  8vo, 

*  Mahan's  Descriptive  Geometry  and  Stone-cutting 8vo, 

Industrial  Drawing.      (Thompson.) 8vo, 

Moyer's  Descriptive  Geometry 8vo, 

Reed's  Topographical  Drawing  and  Sketching 4to, 

Reid's  Course  in  Mechanical  Drawing 8vo, 

Text-book  o.*^  Mechanical  Drawing  and  Elementary  Machine  Design. 8vo, 

Robinson's  Principles  of  Mechanism 8vo, 

Schwamb  and  Merrill's  Elements  of  Mechanism 8vo, 

Smith's  (R.  S.)  Manual  of  Topographical  Drawing.     (McMillan.) Svo, 

Smith  (A.  W.)  and  Marx's  i'achine  Design Svo, 

*  Titsworth's  Elements  of  Mechanical  Drawing Oblong  8vo, 

Warren's  Elements  of  Plane  and  Solid  Free-hand  Geometrical  Drawing.  i2mo. 

Drafting  Instruments  and  Operations i2mo. 

Manual  of  Elementary  Projection  Drawing i2mo, 

Manual  of  Elementary  Problems  in  the  Linear  Perspective  of  Form  and 

Shadow i2mo, 

Plane  Problems  in  Elementary  Geometry i2mo. 

Primary  Geometry i2mo, 

Elements  of  Descriptive  Geometry,  Shadows,  and  Perspective Svo, 

General  Problems  of  Shades  and  Shadows Svo, 

Elements  of  Machine  Construction  and  Drawing •. Svo, 

Problems,  Theorems,  and  Examples  in  Descriptive  Geometry Svo, 

Weisbach's    Kinematics    and    Power    of    Transmission.        (ftp'mann    and 

Klein.) Svo,     5  00 

Whelpley's  Practical  Instruction  in  the  Art  of  Letter  Engraving izmo,    2  00 

Wilson's  (H.  M.)  Topographic  Surveying Svo,     3  50 

Wilson's  (V.  T.)  Free-hand  Perspective Svo,     2   50 

Wilson's  fV.  T.)  Free-hand  Lettering Svo,     i   co 

Woolf's  Elementary  Course  in  Descriptive  Geometry Large  Svo,    3  00 


ELECTRICITY  AND   PHYSICS. 

Anthony  and  Brackett's  Text-book  of  Physics.     (Magie.) Small  Svo,  3 

Anthony's  Lecture-notes  on  the  Theory  of  Electrical  Measurements.  .  .  .  i2mo,  i 

Benjamin's  History  of  Electricity Svo,  3 

Voltaic  Cell Svo,  3 

Classen's  Quantitative  Chemical  Analysis  by  Electrolysis.     (Boltwood.').  Svo,  3 

*  Collins's  Manual  of  Wireless  Telegraphy..  .    i2mo,  i 

Morocco,  2 

Crehore  and  Squier's  Polarizing  Photo-chronograph.  .  , Svo,  3 

Dawson's  "Enginef  ring"  and  Electric  Traction  Pocket-book.  i6mo,  morocco,  5 
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Dolezalek's    Theory    of    the    Lead    Accumulator    (Storage    Battery).      (Von 

Ende.) i2mo,  2  50^ 

Duhem's  Thermodynamics  and  Chemistry.     (Burgess.) 8vo,  4  o^. 

Flather's  Dynamometers,  and  the  Measurement  of  Power lamo,  3  00  . 

Gilbert's  De  Magnete.      (Mottelay. ) 8vo,  2   50 

Hanchett's  Alternating  Currents  Explained i2mo,  i   00 

Bering's  Ready  Reference  Tables  (Conversion  Factors) i6mo,  morocco,  2  50- 

Holman's  Precision  of  Measurements 8vo,  2  00 

Telescopic   Mirror-scale  Method,  Adjustments,  and   Tests.  .  .  .Large  8vo,  75. 

Kinzbrunner's  Testing  of  Continuous-current  Machines 8vo,  2  00 

Landauer's  Spectrum  Analysis.     (Tingle.) 8vo,  3  00 

Le  Chatelier  s  High-temperature  Measurements.  (Boudouard — Burgess.)  i2mo,  3  00 

Liib's  Electrochemistry  of  Organic  Compounds.     (Lorenz.) 8vo,  3  00 

*  Lyons'?  Treatise  on  Electromagnetic  Phenomena.    Vols.  I.  and  U.  8vo,  each,  6  00 

*  Michie's  Elements  of  Wave  Motion  Relating  to  Sound  and  Light 8vo,  4  oo- 

Niaudet's  Elementary  Treatise  on  Electric  Batteries.     (Fishback.) i2mo,  2  50 

*  Parshall  and  Hobart's  Electric  Machine  Design 4to,  half  morocco,  12  50 

*  Rosenberg's  Electrical  Engineering.     (Haldane  Gee — Kinzbrunner.).  .  .8vo,  i  50 

Ryan,  Norris,  and  Hoxie's  Electrical  Machinery.     Vol.  1 8vo,  2  50 

Thurston's  Stationary  Steam-engines 8vo,  2  50 

*  Tillman's  Elementary  Lessons  in  Heat 8vo,  i   50 

Tory  and  Pitcher's  Manual  of  Laboratory  Physics Small  8vo,  2  co  ■ 

Ulke's  Modern  Electrolytic  Copper  Refining 8vo,  3  00. 


LAW. 

*  Davis's  Elements  of  Law Svo,    2  50, 

*  Treatise  on  the  Military  Law  of  United  States Svo, 

*  Sheep, 

Manual  for  Courts-martial i6mo,  morocco. 

Wait's  Engineering  and  Architectural  Jurisprudence Svo, 

Sheep, 
Law  of  Operations  Preliminary  to  Construction  in  Engineering  and  Archi- 
tecture  Svo, 

Sheep, 

Law  of  Contracts Svo, 

Winthrop's  Abridgment  of  Military  Law i2mo. 


MANUFACTURES. 

Bernadou's  Smokeless  Powder — Nuro-celluiosc  and  Theory  of  the  Cellulose 

Molecule i2mo, 

Bolland's  Iron  Founder i2mo. 

The  Iron  Founder,"  Supplement i2mo. 

Encyclopedia  of  Founding  and  Dictionary  of  Foundry  Terms  Used  in  the 

Practice  of  Moulding i2mo, 

Claassen's  Beet-sugar  Manufacture.    (Hall  and  Rolfe.) Svo, 

*  Eckel's  Cements,  Limes,  and  Plasters Svo, 

Eissler's  Modern  High  Explosives Svo, 

Effront's  Enzymes  and  their  Applications.     (Prescott.) Svo, 

Fitzgerald's  Boston  Machinist i2mo. 

Ford's  Boiler  Making  for  Boiler  Makers iSmo, 

Hopkin's  Oil-chemists'  Handbook Svo, 

Keep's  Cast  Iron Svo, 
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Xeach's  The  Inspection  and  Analysis  of  Food  with  Special  Reference  to  State 

Control Large  8vo,    7  50 

"*  McKay  and  Larsen's  Principles  and  Practice  of  Butter-making 8vo,     i  50 

Matthews's  The  Textile  Fibres 8vo,     3  50 

Metcalf's  Steel.     A  Manual  for  Steel-users i2mo,    2  00 

Metcalfe's  Cost  of  Manufactures — And  the  Administration  of  Workshops. 8vo,    5  00 

Meyer's  Modern  Locomotive  Construction 4to,  10  00 

Morse's  Calculations  used  in  Cane-sugar  Factories i6mo,  morocco,     1  50 

*  Reisig's  Guide  to  Piece-dyeing 8vo,  25  00 

Rice's  Concrete-block  Manufacture Bvo,     2  00 

Sabin's  Industrial  and  Artistic  Technology  of  Paints  and  Varnish 8vo, 

Smith's  Press-working  of  Metals 8vo, 

Spalding's  Hydraulic  Cement i2mo, 

Spencer's  Handbook  for  Chemists  of  Beet-sugar  Houses i6mo,  morocco, 

Handbook  for  Cane  Sugar  Manufacturers ^^mo,  morocco, 

Taylor  and  Thompson's  Treatise  on  Concrete,  Plain  and  Reinforced Bvo, 

Thurston's  Manual  of  Steam-boilers,  their  Designs,  Construction  and  Opera- 
tion  8vo, 

"*  Walke's  Lectures  on  Explosives 8vo, 

Ware's  Beet-sugar  Manufacture  and  Refining Small  8vo, 

Weaver's  Military  Explosives 8vo, 

West's  American  Foundry  Practice i2mo. 

Moulder's  Text-book i2mo, 

Wolff's  Windmill  as  a  Prime  Mover 8vo, 

"Wood's  Rustless  Coatings:   Corrosion  and  Electrolysis  of  Iron  and  Steel.  .8vo, 


MATHEMATICS. 

Baker's  Elliptic  Ftinctions 8vo,  i  50 

*  Bass's  lilements  of  Differential  Calculus i2mo,  4  00 

Briggs's  Elements  of  Plane  Analytic  Geometry i2mo,  i  00 

Compton's_Manual  of  Logarithmic  Computations i2mo,  i  50 

Davis's  Introduction  to  the  Logic  of  Algebra .8vo,  i  50 

*  Dickson's  College  Algebra Large  i2mo,  i  50 

*  Introduction  to  the  Theory  of  Algebraic  Equations Large  i2mo,  i  25 

Emch's  Introduction  to  Projective  Geometry  and  its  Applications 8vo,  2  50 

Halsted's  Elements  of  Geometry 8vo,  i  75 

Elementary  Synthetic  Geometry 8vo,  i  50 

Rational  Geometry i2mo,  i   75 

*  Johnson's  (J.  B.)  Three-place  Logarithmic  Tables:   Vest-pocket  size. paper,  15 

100  copies  for  5  00 

*  Mounted  on  heavy  cardboard,  8.x  10  inches,  25 

10  copies  for  2  00 

Johnson's  (W   W.")  Elementary  Treatise  on  Differential  Calculus.  .Small  8vo,  3  00 

Elementary  Treatise  on  the  Integral  Calculus Small  8vo,  i  50 

.Johnson's  ( W.  W.)  Curve  Tracing  in  Cartesian  Co-ordinates i2mo,  i  00 

.Johnson's  (W    W.)  Treatise  on  Ordinary  and  Partial  Differential  Equations. 

Small  8vo,  3  50 

Johnson's  (W.  W.)  Theory  of  Errors  and  the  Method  of  Least  Squares.  i2mo,  1  50 

""  Johnson's  ( W    W.)  Theoretical  Mechanics   .  , i2mo,  3  00 

Laplace's  Philosophical  Essay  on  Probabilities.    (Truscott  and  Emory.).  i2mo,  2  00 

*  Ludlow  and  Bass.     Elements  of  Trigonometry  and  Logarithmic  and  Other 

Tables 8vo,  3  00 

Trigonometry  and  Tables  published  separately    Each,  2  00 

*  Ludlow's  Logarithmic  and  Trigonometric  Tables 8vo,  i  00 

Mann  ing's  Irrational  Numbers  and  their  Representation  by  Sequences  and  Series 

i2mo  I   25 
19 


Mathematical  Monographs.     Edited  by  Mansfield  Merriman  and  Robert 

S.  Woodward Octavo,  each     i  oo 

No.  I.  History  of  Modern  Mathematics,  by  David  Eugene  Smith. 
No.  2.  Synthetic  Projective  Geometry,  by  Georgq  Bruce  Halsted. 
No.  3.  Determinants,  by  Laenas  Gifford  Weld.  No.  4.  Hyper- 
bolic Functions,  by  James  McMahon.  No.  5.  Harmonic  Func- 
tions, by  William  E.  Byerly.  No.  6.  Grassmann's  Space  Analysis, 
by  Edward  W.  Hyde.  No.  7.  Probability  and  Theory  of  Errors, 
by  Robert  S.  Woodward.  No.  8.  Vector  Analysis  and  Quaternions, 
by  Alexander  Macfarlane.  No.  9.  Differential  Equations,  by 
William  Woolsey  Johnson.  No.  10.  The  Solution  of  Equations, 
by  Mansfield  Merriman.  No.  11.  Functions  of  a  Complex  Variable, 
by  Thomas  S.  Fiske. 

Maurer's  Technical  Mechanics 8vo,    4  00 

Merriman's  Method  of  Least  Squares 8vo,    2  00 

Rice  and  Johnson's  Elementary  Treatise  on  the  Differential  Calculus. .  Sm.  8vo,    3  00 

Differential  and  Integral  Calculus.     2  vols,  in  one Small  8vo,    2  50 

Wood's  Elements  of  Co-ordinate  Geometry 8vo,     2  00 

Trigonometry:   Analytical,  Plane,  and  Spherical i2mo,     i  00 


MECHANICAL  ENGINEERING. 

MATERIALS  OF  ENGINEERING,  STEAM-ENGINES  AND  BOILERS. 

Bacon's  Forge  Practice i2mo,  i  50 

Baldwin's  Steam  Heating  for  Buildings i2mo,  2  50 

Barr's  Kinematics  of  Machinery 8vo,  2  50 

*  Bartlett's  Mechanical  Drawing 8vo,  3  00 

*  "  "  ■'         Abridged  Ed 8vo,  i  50 

Benjamin's  Wrinkles  and  Recipes i2mo,  2  00 

Carpenter's  Experimental  Engineering 8vo.  6  00 

Heating  and  Ventilating  Buildings 8vo,  4  00 

Cary's  Smoke  Suppression  in  Plants  using  Bituminous  Coal.     (In  Prepara- 
tion.) 

Clerk's  Gas  and  Oil  Engine Small  8vo,  4  00 

Coolidge's  Manual  of  Drawing .■ 8vo,  paper,  x  00 

Coolidge  and  Freeman's  Elements  of  General  Drafting  for  Mechanical  En- 
gineers  Oblong  4to,  2  50 

Cromwell's  Treatise  on  Toothed  Gearing i2mo,  r  50 

Treatise  on  Belts  and  Pulleys i2mo,  i  50 

Durley's  Kinematics  of  Machines 8vo,  4  00 

Flather's  Dynamometers  and  the  Measurement  of  Power. i2mo,  3  00 

Rope  Driving i2mo,  2  00 

Gill's  Gas  and  Fuel  Analysis  for  Engineers i2mo,  i  25 

Hall's  Car  Lubrication i2mo,  i  00 

Hering's  Ready  Reference  Tables  (Conversion  Factors) i6mo,  morocco,  2  50 

Hutton's  The  Gas  Engine 8vo,  5  00 

Jamison's  Mechanical  Drawing 8vo,  2  50 

Jones's  Machine  Design: 

Part  I.     Kinematics  of  Machinery 8vo,  1  50 

Part  II.     Form,  Strength,  and  Proportions  of  Parts 8vo,  3  00 

"Kent's  Mechanical  Engineers'  Pocket-book i6mo,  morocco,  5  00 

Kerr's  Power  and  Power  Transmission 8vo,  2  00 

Leonard's  Machine  Shop,  Tools,  and  Methods 8vo,  4  00 

*  Lorenz's  Modern  Refrigerating  Machinery.    (Pope,  Haven,  and  Dean. ).  .8vo,  4  00 
MacCord's  Kinematics;   or  Practical  Mechanism 8vo,  5  00 

Mechanical  Drawing 4to  4  00 

Velocity  Diagrams.  8vo,  i  50 
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MacFarland's  Standard  Reduction  Factors  for  Gases 8vo, 

Mahan's  Industaial  Drawing.      (Thompson.), 8vo, 

Poole's  Calorific  Power  of  Fuels 8vo, 

Reid's  Course  in  Mechanical  Drawing 8vo, 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design. 8vo, 

Richard's  Compressed  Air i2mo, 

Robinson's  Principles  of  Mechanism 8vo, 

Schwamb  and  Merrill's  Elements  of  Mechanism 8vo, 

Smith's  (0.)  Press-working  of  Metals 8vo, 

Smith  (A.  W.)  and  Marx's  Machine  Design 8vo, 

Thurston's   Treatise    on   Friction  and   Lost   Work   in   Machinery   and   Mill 

Work..  .  , ■ 8vo,    3  c( 

Animal  as  a  Machine  and  Prime  Motor,  and  the  Laws  of  Energetics.  i2mo,     i   o 

Warren's  Elements  of  Machine  Construction  and  Drawing 8vo,     7  5 

Weisbach's    Kinematics    and    the    Power    of    Transmission.     (Herrmann — 

Klein. ). 8vo,    5  01 

Machinery  of  Transmission  and  Governors.     (Herrmann — Klein.).  .8vo,    5  01 

Wolff's  Windmill  as  a  Prime  Mover 8vo,     3  0( 

Wood's  Turbines 8vo,    2  51 


MATERIALS   OP   ENGINEERING. 

*  Bovey's  Strength  of  Materials  and  Theory  of  Structures 8vo,     7  50 

Burr's  Elasticity  and  Resistance  of  the  Materials  of  Engineering.     6th  Edition. 

Reset 8vo, 

Church's  Mechanics  of  Engineering 8vo, 

*  Greene's  Structural  Mechanics 8vo, 

Johnson's  Materials  of  Construction 8vo, 

Keep's  Cast  Iron.         8vo, 

Lanza's  Applied  Mechanics 8vo, 

Martens's  Handbook  on  Testing  Materials.     (Henning.) 8vo, 

Maurer's  Technical  Mechanics 8vo, 

Merriman's  Mechanics  of  Materials 8vo, 

Strength  of  Materials i2mo, 

Metcalf's  Steel.     A  manual  for  Steel-users i2mo, 

Sabin's  Industrial  and  Artistic  Technology  of  Paints  and  Varnish Svo, 

Smith's  Materials  of  Machines l2mo, 

Thurston's  Materials  of  Engineering 3  vols.,  8vo, 

Part  II.     Iron  and  Steel Svo, 

Part  III.     A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 

Constituents Svo. 

Text-book  of  the  Materials  of  Construction.  . Svo, 

Wood's  (De  V.)  Treatise  on  the  Resistance  of  Materials  and  an  Appendix  on 

the  Preservation  of  Timber Evo, 

Elements  of  Analytical  Mechanics Svo, 

Wood's  (M.  P  )  Rustless  Coatings:    Corrosion  and  Electrolysis  of  Iron  and 
Steel Svo, 


STEAM-ENGINES  AND   BOILERS. 

Berry's  Temperature-entropy  Diagram i2mo,  i   25 

Carnot's  Reflections  on  the  Motive  Power  of  Heat.     (Thurston.).    .     ..i2mo,  i  5O' 

Dawson's  "Engineering"  and  Electric  Traction  Pocket-book.  .  .  .i6mo  mor.,  5  00 

Ford's  Boiler  Making  for  Boiler  Makers iSmo,  i  00 

Goss's  Locomotive  Sparks Svo,  2  00 

Hemenway's  Indicator  Practice  and  Steam-engine  Economy i2mo,  2  oo- 
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Button's  Mechanical  Engineering  of  Power  Plants. 8vo,  5  00 

Heat  and  Heat-engines 8vo  5  00 

Kent's  Steam  boiler  Economy 8vo,  4  00 

Kneass's  Practice  and  Theory  of  the  Injector 8vo,  i  50 

MacCord's  Slide-valves 8vo,  2  00 

Meyer's  Modern  Locomotive  Construction 4to,  10  00 

Peabody's  Manual  of  the  Steam-engine  Indicator tzmo  1  so 

Tables  of  the  Properties  of  Saturated  Steam  and  Other  Vapors    8vo,  i  00 

Thermodynamics  of  the  Steam-engine  and  Other  Heat-engines 8vo,  5  00 

Valve-gears  for  Steam-engines 8vo,  2  50 

Peabody  and  Miller's  Steam-boi!ers 8vo,  4  00 

Pray's  Twenty  Years  with  the  Indicator Large  8vo,  2  50 

Pupin's  Thermodynamics  of  Reversible  Cycles  in  Gases  and  Saturated  Vapors. 

(Osterberg.) i2mo,  1   25 

Reagan's  Locomotives:   Simple   Compound,  and  Electric t2mo,  2  50 

Rontgen's  Principles  of  Thermodynamics.     (Du  Bois.) 8vo,  5  oe 

Sinclair's  Locomotive  Engine  Running  and  Management i2mo,  2  00 

Smart's  Handbook  of  Engineering  Laboratory  Practice izmo,  2  50 

Snow's  Steam-boiler  Practice 8vo,  3  00 

Spangler's  Valve-gears 8vo,  2  50 

Notes  on  Thermodynamics i2mo,  i  00 

Spangler,  Greene,  and  Marshall's  Elements  of  Steam-engineering  ......  .8vo,  3  00 

Thomas's  Steam-turbines 8vo,  3  50 

Thurston's  Handy  Tables 8vo,  i  50 

Manual  of  the  Steam-engine 2  vols.,  8vo,  10  00 

Part  I.     History,  Structure,  and  Theory 8vo,  6  00 

Part  II.     Design,  Construction,  and  Operation 8vo,  6  00 

Handbook  of  Engine  and  Boiler  Trials,  and  the  Use  of  the  Indicator  and 

the  Prony  Brake 8vo,  5  00 

Stationary  Steam-engines 8vo,  2  50 

Steam-boiler  Explosions  in  Theory  and  in  Practice i2mo,  i  50 

Manual  of  Steam-boilers,  their  Designs,  Construction,  and  Operation 8vo,  5  00 

Wehrenfenning's  Analysis  and  Softening  of  Boiler  Feed-water  (Patterson)  8vo,  4  00 

Weisbach's  Heat,  Steam,  and  Steam-engines.     (Du  Bois.) 8vo,  5  00 

Whitham's  Steam-engine  Design 8vo,  5  00 

Wood's  Thermodynamics,  Heat  Motors,  and  Refrigerating  Machines.  .  .8vo,  4  oo 


MECHANICS   AND   MACHINERY. 

Barr's  Kinematics  of  Machinery gvo, 

*  Bovey's  Strength  of  Materials  and  Theory  of  Structures   8vo,    7  50 

Chase's  The  Art  of  Pattern-making i2mo,    2  50 

Church's  Mechanics  of  Engineering gvo 

Notes  and  Examples  in  Mechanics gvo 

Compton's  First  Lessons  in  Metal-working i2mo, 

Compton  and  De  Groodt's  The  Speed  Lathe i2mo,     1  50 

Cromwell's  Treatise  on  Toothed  Gearing i2mo,     i  50 

Treatise  on  Belts  and  Pulleys i2mo,     i  50 

Dam's  Text-book  of  Elementary  Mechanics  for  Colleges  and  Schools.  .i2mo,     x  50 

Dingey's  Machinery  Pattern  Making i2mo,     2  00 

Dredge's   Record  of   the   Transportation   Exhibits   Building  of  the   World's 

Columbian  Exposition  of  1893 4to  half  morocco,     5  00 

u  Bois's  Elementary  Principles  of  Mechanics- 

Vol.      I.     Kinematics gvo. 

Vol.    II.     Statics 8vo! 

Mechanics  of  Engineering.     Vol.    I. Small  4to, 

Vol.  11 SmaU  4to, 

IDurley's  Kinematics  of  Machines.      gvo, 
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Fitzgerald's  Boston  Machinist i6ino,  i  oo 

Flather's  Dynamometers,  and  the  Measurement  of  Power i2mo,  3  00 

Rope  Driving i2mo,  2  00 

Goss's  Locomotive  Sparks 8vo,  2  00 

*  Greene's  Structural  Mechanics 8vo,  2  50 

Hall's  Car  Lubrication i2mo,  i  00 

Holly's  Art  of  Saw  Filing i8mo,  75 

James's  Kinematics  of  a  Point  and  the  Rational  Mechanics  of  a  Particle. 

Sma'il  8vo,  2  00 

*  Johnson's  (W.  W.)  Theoretical  Mechanics i2mo,  3  o* 

Johnson's  (L.  J.)  Statics  by  Graphic  and  Algebraic  Methods «  .  .  .8vo,  2  00 

Jones's  Machine  Design: 

Part    I.     Kinematics  of  Machinery 8vo,  i  50 

Part  II.     Form,  Strength,  and  Proportions  of  Parts. 8vo,  3  00 

Kerr's  Power  and  Power  Transmission 8vo,  2  oo 

Lanza's  Applied  Mechanics 8vo,  7  50 

Leonard's  Machine  Shop,  Tools,  and  Methods 8vo,  4  00 

*  Lorenz's  Modern  Refrigerating  Machinery.     (Pope,  Haven,  and  Dean.). 8vo,  4  00 
MacCord's  Kinematics;   or.  Practical  Mechanism 8vo,  5  00 

Velocity  Diagrams.  .  .     8vo,  i  50 

*  Martin's  Text  Book  on  Mechanics,  Vol.  I,  Statics i2mo,  i  25 

Maurer's  Technical  Mechanics 8vo,  4  00 

Merriman's  Mechanics  of  Materials 8vo,  5  00 

*  Elements  of  Mechanics : i2mo,  i  00 

*  Michie's  Elements  of  Analytical  Mechanics 8vo,  4  00 

*  Pars'nall  and  Hobart's  Electric  Machine  Design 4to,  half  morocco,  12  50 

Reagan's  Locomotives     Simple,  Compound,  and  Electric i2mo,  2  50 

Reid's  Course  in  Mechanical  Drawing 8vo,  2  00 

Text-book  of  Mechanical  Drawing  and  Elementary  Machine  Design. 8vo,  3  00 

Richards's  Compressed  Air i2mo,  i  50 

Robinson's  Principles  of  Mechanism 8vo,  3  00 

Ryan,  Norris,  and  Hoxie's  Electrical  Machinery.     Vol.  1 8vo,  2  50 

Sanborn's  Mechanics:  Problems Large  i2mo,  i  30 

Schvy'amb  and  Merrill's  Elements  of  Mechanism 8vo,  3  00 

Sinclair's  Locomotive-engine  Running  and  Management i2mo,  2  00 

Smith's  (O.)  Press-working  of  Metals 8vo,  3  00 

Smith's  (A.  W.)  Materials  of  Machines i2mo,  i  00 

Smith  (A.  W.)  and  Marx's  Machine  Design 8vo,  3  00 

Spangler,  Greene,  and  Marshall's  Elements  of  Steam-engineering 8vo,  3  00 

Thurston's  Treatise  on  Friction  and  Lost  Work  in    Machinery  and    Mill 

Work 8vo,  3  00 

Animal  as  a  Machine  and  Prime  Motor,  and  the  Laws  of  Energetics.  i2mo,  i  00 

Warren's  Elements  of  Machine  Construction  and  Drawint; Svo,  7-  50 

Weisbach's  Kinematics  and  Power  of  Transmission.   (Herrmann — Klein.).  Svo,  5  00 

Machinery  of  Transmission  and  Governors.      (Herrmann — K!ein.).8vo,  5  00 

Wood's  Elements  of  Analytical  Mechanics Svo,  3  00 

Piinciples  cf  Elementary  Mechanics i2mo,  1  25 

Turbines Svo,  2  50 

The  World's  Columbian  Exposition  of  1893 4to,  i  00 


METALLURGY. 

Egleston's  Metallurgy  of  Silver,  Gold,  and  Mercury 

Vol.    I.     Silver Svo,  7  50 

VoL  II.     Gold  and  Mercury Svo,  7  50 

Goesel's  Minerals  and  Metals'     a  Reference  Book i6mo,  mor.  3  00 

**  Iles's  Lead-smelting.     (Postage  o  cents  additional.) i2mo;  2  50 

Keep's  Cast  Iron Svo,  2  50 
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Kunhardt's  Practice  of  Ore  Dressing  in  Europe 8vo, 

Le  Chatelier's  High-temperature  Measurements.  (Boudouard — Burgess. )i2mo. 

Metcalf' s  Steel.     A  Manual  for  Steel-users i2mo, 

Miller's  Cyanide  Process i2mo, 

Minet's  Production  of  Aluminum  and  its  Industrial  Use.     (Waldo.). . .  .  i2mo, 

Robine  and  Lenglen's  Cyanide  Industry.     (Le  Clerc.) 8vo, 

Smith's  Materials  of  Machines i2mo, 

Thurston's  Materials  of  Engineering.     In  Three  Parts 8vo, 

Part    II.     Iron  and  Steel 8vo, 

Part  III.     A  Treatise  on  Brasses,  Bronzes,  and  Other  Alloys  and  their 

Constituents 8vo, 

iJlke's  Modern  Electrolytic  Copper  Refining ■. 8vo, 


MINERALOGY. 

Barringer's  Description  of  Minerals  of  Commercial  Value.    Oblong,  morocco,  2  50 

Boyd's  Resources  of  Southwest  Virginia 8vo,  3  00 

Map  of  Southwest  Virignia Pocket-book  form.  2  00 

Brush's  Manual  of  Determinative  Mineralogy.     (Penfield.) 8vo,  4  00 

Chester's  Catalogue  of  Minerals 8vo,  paper,  i  00 

Cloth,  1  25 

Dictionary  ot  the  Names  of  Minerals 8vo  3  50 

Dana's  System  of  Mineralogy Large  8vo,  half  leather    12  50 

First  Appendix  to  Dana's  New  "  System  of  Mineralogy." Large  8vo,  i  00 

Text-book  of  Mineralogy 8vo,  4  00 

Minerals  and  How  to  Study  Them i2mo.  1   5c 

Catalogue  of  American  Localities  of  Minerals Large  8vo,  i  00 

Manual  of  Mineralogy  and  Petrography i2mo.  2  00 

Douglas's  Untechnical  Addresses  on  Technical  Subjects i2mo,  i  oo 

Eakle's  Mineral  Tables 8vo,  i   25 

Egleston's  Catalogue  of  Minerals  and  Synonyms 8vo,  2  50 

Goesel's  Minerals  and  Metals:     A  Reference  Book i6mo,mor.  3  00 

Groth's  Introduction  to  Chemical  Crystallography  (Marshall) i2mo,  i  25 

Hussak's  The  Determination  of  Rock-forming  Minerals.    ( Smith.). Small  8vo,  2  00 

Merrill's  Non-metallic  Minerals'   Their  Occurrence  and  Uses 8vo,  4  00 

*  Penfield's  Notes  on  Determinative  Mineralogy  and  Record  of  Mineral  Tests. 

8vo,  paper,  5G 
Rosenbusch's    Microscopical   Physiography   of   the    Rock-making  Minerals. 

(Iddings.') 8vo,  5  00 

*  TiUman's  Text-book  of  Important  Minerals  and  Rocks 8vo,  2  00, 


MINING. 

Beard's  Ventilation  of  Mines i2mo>  2  50 

Boyd's  Resources  of  Southwest  Virginia 8vO;  3  00 

Map  of  Southwest  Virginia Pocket-book  form.  2  00 

Douglas's  Untechnical  Addresses  on  Technical  Subjects i2mo,  i  oo 

♦Drinker's  Tunneling,  Explosive  Compounds,  and  Rock  Drills.  .4to,hf.  mor.,  25  00 

Eissler's  Modern  High  Explosives 8^->  4  -o 

Goesel's  Minerals  and  Metals  •     A  Reference  Book i6mo,  mor.  3  00 

Goodyear's  Coal-mines  of  the  V,  estern  Coast  of  the  United  States i2mo,  2  50 

Ihlseng's  Manual  of  Mining 8vo,  5  00 

**  Iles's  Lead-smelting.     (Postage  gc.  additionaL).    l2mo,  2  5a 

Kunhardt's  Practice  of  Ore  Dressing  in  Europe.         8vo,  i   50 

Miller's  Cyanide  Process i2mo,  i  00 
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'  O'Driscoll's  Notes  on  the  Treatment  of  Gold  Ores 8vo,  2  oo 

Robine  and  Lenglen's  Cyanide  Industry.      (Le  Clerc.) 8vo,  4  00 

*  Walke's  Lectures  on  Explosives 8vo,  4  00 

Weaver's  Military  Explosives 8vo,  3  00 

Wilson's  Cyanide  Processes lamOj  i   50 

Chlorination  Process i2mo,  i   50 

Hydraulic  and  Placer  Mining i2mo,  2  00 

Treatise  on  Practical  and  Theoretical  Mine  Ventilation T2mo,  i   25 


SANITARY  SCIENCE. 

Bashore's  Sanitation  of  a  Country  House i2mo, 

*  Outlines  of  Practical  Sanitation i2mo, 

Folwell's  Sewerage.     (Designing,  Construction,  and  Maintenance.) 8vo, 

Water-supply  Engineering 8vo, 

Fovirler's  Sewage  Works  Analyses ' i2mD, 

Fuertes's  Water  and  Public  Health i2mo, 

Water-filtration  Works i2mo, 

Gerhard's  Guide  to  Sanitary  House-inspection i6mo, 

Goodrich's  Economic  Disposal  of  Town's  Refuse Demy  8vo, 

Kazan's  Filtration  of  Public  Water-supplies 8vo, 

Leach's  The  Inspection  and  Analysis  of  Food  with  Special  Reference  to  State 

Control 8vo, 

Mason's  Water-supply.  (Considered  principally  from  a  Sanitary  Standpoint)  8vo, 

Examination  of  Water.     (Chemical  and  Bacteriological.) i2mo,     i   25 

Ogden's  Sewer  Design i2mo,     2  00 

Prescott  and  Winslow's  Elements  of  Water  Bacteriology,  with  Special  Refer- 
ence to  Sanitary  Water  Analysis i2mo,     1  25 

*  Price's  Handbook  on  Sanitation i2mo,     1   50 

Richards's  Cost  of  Food.     A  Study  in  Dietaries i2rno,     i   00 

Costtof  Living  as  Modified  by  Sanitary  Science i2mo,  i  00 

Cost  of  Shelter i2mo,  1  00 

Richards  and  Woodman's  Air,  Water,  and  Food  from  a  Sanitary  Stand- 
point  8vo,  2  00 

*  Richards  and  Williams's  The  Dietary  Computer 8vo,  1   50 

Rideal's  Sewage  and  Bacterial  Purification  of  Sewage 8vo,  3  50 

Turneaure  and  Russell's  Public  Water-supplies 8vo,  5  00 

Von  Behring's  Suppression  of  Tuberculosis.     (Bolduan.) i2mo,  1   00 

Whipple's  Microscopy  of  Drinking-water Svo-,  3  50 

Winton's  Microscopy  of  Vegetable  Foods Svo,  7  50 

WoodhuH's  Notes  on  Military  Hygiene i6mo,  i  50 

*  Personal  Hygiene i2mo,    i  00 


MISCELLANEOUS. 

De  Fursac's  Manual  of  Psychiatry.     (Rosanoff  and  Collins.).  . .  .Large  i2mo,  2  50 

Ehrlich's  Collected  Studies  on  Immunity  (  Bolduan) Svo,  6  00 

Emmons's  Geological  Guide-book  of  the  Rocky  Mountain  Excursion  of  the 

International  Congress  of  Geologists Large  8vo,  i  50 

Ferrel's  Popular  Treatise  on  the  Winds Svo.  4  00 

Haines's  American  Railway  Management l2mo,  2  50 

Mott's  Fallacy  of  the  Present  Theory  of  Sound i6mo,  i  00 

Ricketts's  History  of  Rensselaer  Polytechnic  Institute,  1 824-1 894.. Small  Svo,  3  00 

Rostoski's  Serum  Diagnosis.     (Bolduan.) i2mo  i  00 

Rotherham's  Emphasized  New  Testament ^ Large  Svo,  3  00 
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Steel's  Treatise  on  the  Diseases  of  the  Dog 8vo,  3  50 

The  World's  Columbian  Lxposition  of  1893 4to,  i  00 

Von  Behring's  Suppression  of  Tuberculosis.     (Bolduan.) izmo,  i  00 

Winslow's  Elements  of  Applied  Microscopy i2mo,  i  50 

Worcester  and  Atkinson.     Small  Hospitals,  Establishment  and  Maintenance; 

Suggestions  for  Hospital  Architecture:  Plans  for  Small  Hospital.  i2mo,  i  25 


HEBREW  AND   CHALDEE  TEXT-BOOKS. 

Green's  Elementary  Hebrew  Grammar i2mo,  i  25 

Hebrew  Chrestomathy 8vo,  2  00 

Gesenius's  Hebrew  and  Chaldee  Lexicon  to  the  Old  Testament  Scriptures. 

(Tregelles.) Small  4to,  half  morocco.  5  00 

Letteris's  Hebrew  Bible 8vo,  2  25 
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